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summary
C o m p l e x e s  which,  c o n t a i n  two o r  more t r a n s i t i o n  m e t a l s  
h a v e  b e e n  p r e p a r e d  and c h a r a c t e r i s e d .  The p r e p a r a t i o n s  
h a v e ,  i n , t h e  m a i n ,  b e e n  c a r r i e d  o u t  u s i n g  l i g a n d  r e p l a c e m e n t  
r e a c t i o n s  l e a d i n g  t o  c o m p l e x e s  w h i c h  c o n t a i n  two t r a n s i t i o n  
m e t a l s  l i n k e d  t o g e t h e r  b y  two b r i d g i n g  l i g a n d s .
S p e c t r o s c o p i c  e v i d e n c e  s u g g e s t s  t h a t  some,  o f  t h e  
c o m p l e x e s  c o n t a i n  m e t a l - m e t a l  b o n d s  w h e r e a s  o t h e r s  do n o t .  
The m e t a l - m e t a l  b ond  i n  t h e s e  c o m p l e x e s  i s  u n u s u a l  i n  t h a t  
i t  i s  a d a t i v e  bond f o r m e d  b y  two e l e c t r o n s  w h i c h  f o r m a l l y  
b e l o n g  t o  o n l y  one  o f  t h e  m e t a l s .
The c o m p l e x e s  w h i c h  h a v e  b e e n  p r e p a r e d  and s t u d i e d  
a r e  a s  f o l l o w s : -  b i s - 7f - c y c l  o p e n t a d i e n y l  t i t a n i u m  d i - / ^ -  
o r g a n o t h i o  t e t r a c a r b o n y l s  o f  Group V I ,  Cp2 Ti [ SR
I ,  ( R = M e , P h j  M*= C r , M o , w ) ;  c h e l a t i n g  d i p h o s p h i n e  or
I I  I I
d i a r s i n e  p a l l a d i u m  or  p l a t i n u m  d i  o r g a n o t h i o
t e t r a c a r b o n y l s  o f  Group V I ,  (L-L )M
( L - L = l , 2  b i s - d i  p h e n y l  phos  p h i n o  e t h a n e ,  O - p h e n y l e n e  
b i s - d i e  t h y l a r s i n e  ; M = - P d , P t j  R =  Me , Ph ; M' — C r , M o , w ) ;
J 2M ' ( c o ) 4 ,
b i s -77"-e ye  1 o p e n t a d i e n y l  t i t a n i u m  di-yU.- o r g a n o  t h i o  c u p r o u s
h a l i d e s ,  (C p Ti  SR CuX ).  , IV,  (R =  Me, Ph;  X =  C l , B r ) ;
I I  I I
1 . 2  b i s - d i p h e n y l p h o s p h i n o  e t h a n e  p a l l a d i u m  or p l a t i n u m
di. -yi -me t h y l  t h i o  p a l l a d i u m  d i c h l o r i d e s ,
Ph2 PCH2 CH2 PPh2 M S M e | 2 P d C l 2 , V I ,  (M =  P d , P t ) ;  a nd
L J IX
1 . 2  b i s - d i  p h e n y l  phos  p h i n o  e t h a n e  p a l l a d i u m  d i - j j l - c h l  or  o 
p a l l a d i u m  d i c h l o r i d e ,  Ph2 PCH2CH2 PPh2 Pd | p l j  2 PdCl 2 * *
I n  o r d e r  t o  e x a m i n e  t h e  p r o p e r t i e s  o f  t h e  a b o v e  c o m p l e x e s ,  
i t  h a s  b e e n  n e c e s s a r y  t o  p r e p a r e  a n d  s t u d y  t h e  " p a r e n t ” 
c o m p l e x e s  RSCHgCHgSRM1 ( C 0 , I I I ,  ( R = M e , P h j  M ' « C r , M o , w ) j
(RSCH2CH2 SRCuX)n , V,  (R =  Me, Ph;  X = - C l , B r ) ;  Cp2 T i ( S R ) 2 , 
( R m M e , P h ) ;  and  ( L - L ) m ( s r ) 2 , ( L - L = l , 2  b i s - d i  p h e n y l  p h o s  p h i n o  
e t h a n e ,  O - p h e n y l e n e  b i s - d i e t h y l  a r s i n e j  M= ^ P d , P t ;  R = M e , P h ) .
B e c a u s e  o f  t h e  d i f f e r e n t  p h y s i c a l  p r o p e r t i e s ,  e s p e c i a l l y  
s o l u b i l i t y ,  o f  t h e  c o m p l e x e s  p r e p a r e d ,  i t  h a s  b e e n  f o u n d  
n e c e s s a r y  t o  u s e  d i f f e r e n t  t e c h n i q u e s  t o  e x a m i n e  t h e i r  
c h e m i c a l  p r o p e r t i e s .  The m o l e c u l a r  s t r u c t u r e  o f  
Cp2 T i J s M e J 2 M o ( C o ) ^ , t o g e t h e r  w i t h  i n f r a - r e d ,  ^ H n . m . r . ,  and  
e l e c t r o n i c  d a t a  s u g g e s t  t h a t  c o m p l e x e s  I  c o n t a i n  a 
m e t a l - m e t a l  b o n d .  Th e r e  i s  e v i d e n c e  f o r  a m e t a l - m e t a l  
b ond  i n  c o m p l e x e s  IV,  f r o m  t h e i r  e l e c t r o n i c  s p e c t r a .  The 
i n f r a - r e d  ( 4 , 0 0 0 -  4 0 0 cm. ) ,  f a r  i n f r a - r e d  ( 4 0 0 - 4 0 cm.  1 ) , and
e l e c t r o n i c  s p e c t r a  o f  c o m p l e x e s  I I ,  V I ,  and V I I  show no  
e v i d e n c e  o f  a m e t a l - m e t a l  b o n d .
T e n t a t i v e  c o r r e l a t i o n s  h a v e  b e e n  made b e t w e e n  t h e  
m e t a l - b r i d g e  s t r e t c h i n g  f r e q u e n c i e s  and  t h e  s t r e n g t h s  o f  
t h e  m e t a l - b r i d g e  b o n d s .
The f a i l u r e  t o  p r e p a r e  ( b y  n u c l e o p h i l i c  d i s p l a c e m e n t  
o r  e l i m i n a t i o n  r e a c t i o n s )  c o m p l e x e s  c o n t a i n i n g  two 
t r a n s i t i o n  m e t a l s  b r i d g e d  by  s i l i c o n  or  t i t a n i u m ,  and  t h e  
u n u s u a l  p r o d u c t s  o b t a i n e d  f ro m some o f  t h e  l i g a n d  
r e p l a c e m e n t  r e a c t i o n s  a r e  a s s i g n e d  t o  l a b i l i t y  or  o v e r ­
s t a b i l i t y  o f  t h e  r e a c t i o n  i n t e r m e d i a t e s  or  l a b i l i t y  o f  t h e  
d e s i r e d  p r o d u c t s .
INTRODUCTION
Mul t i - h e  t e r  o n u c l  e a r  c o m p l e x e s  c o n t a i n i n g  t r a n s i t i o n  
m e t a l s  h a v e  b e e n  known f o r  s e v e r a l  y e a r s .  Th e r e  a r e  2 
c l a s s e s  o f  s u c h  c o m p l e x e s :  t h o s e  w h i c h  c o n t a i n  b o t h  
t r a n s i t i o n  and m a i n  g r o u p  m e t a l s ,  and t h o s e  w h i c h  
c o n t a i n  o n l y  t r a n s i t i o n  m e t a l s .  The m a j o r i t y  o f  t h e  
h e t e r o n u c l e a r  c o m p l e x e s  a r e  t h o s e  i n  w h i c h  a m a i n  g r o u p  
m e t a l ,  e s p e c i a l l y  a Group IV m e t a l ,  or  a p o s t  t r a n s i t i o n  
m e t a l  i s  b on d e d  t o  a t r a n s i t i o n  m e t a l ,  b u t  t h e r e  i s  an  
e v e r - i n c r e a s i n g  number o f  c o m p l e x e s  c o n t a i n i n g  o n l y  
t r a n s i t i o n  m e t a l s .
The mai n  t y p e s  o f  r e a c t i o n s  w h i c h  h a v e  b e e n  u s e d  t o  
p r e p a r e  c o m p l e x e s  c o n t a i n i n g  b o t h  t r a n s i t i o n  and mai n  
g r o u p  m e t a l s  a r e  l i s t e d  b e l o w : -
1 ) .  N u c l e o p h i l i c  d i s  p i a c e m e n t  r e a c t i o n s .
a )  H ^ S i I  + NaCo(CO ) ^ — > E ^ S i C o ( C 0 ) ^ 4  N a l 1 .
2
b) InBr^4  3NaCo(C0)^— >In(Co(C0)^)^-i- 3NaBr .
♦ 3
c )  Cp2 Z r C l 2 4  P h ^ S i L i — > Cp2 Z r ( C l  )SiPh^H- L i C l  .
d )  ( 0C )  MnSnPh9 C 1 4  NaMoCp(CO) ------->
5  ^ 3
T
( 0C J^Mn^SnPh^j MoCp(C0)  ^ - h N a C l 4 .
A s u b s e c t i o n  o f  t h i s  t y p e  o f  r e a c t i o n  i s  t h e  " G r i g n a r d "
r e a c t i o n ,  i n v o l v i n g  t h e  u s e  o f  " m e t a l  c a r b o n y l  G r i g n a r d
r e a g e n t s " ,  a s  i n  -
Mn(CO) MgBr 4 Ph SnBr ( 0C ),- HnSnPh,4-  % B r 05 .
5 3 9 3 2
2 ) .  E l i m i n a t i o n  r e a c  t i o n s .
a )  C p P e ( C 0 ) 2 2 4  2 H S i C l 5 ~ ^  2 C p P e ( C 0 ) 2 S i C l 5+  H2 6 .
7
b)  2EMn(C0)  4  G e H —>H9 Ge( Mn( C 0 ) c )„4  2H0 .
5 4  ^ 5 2 2
*
C p = 77’- c y c l o p e n t a d i e n y l  .
r
I n t e r n a l  s q u a r e  b r a c k e t s  i n d i c a t e  b r i d g i n g  l i g a n d s .
9c ) C pW ( C 0 ) 4- Me 5 S i  NMe 2 — > C pW ( C 0)   ^S i  Me 4  IT Me
3 ) •  L i g a n d  r e p l a c e n e n t  r e a c  t i o n s .
8
a )  ( Me 5 S n ) 2 S 4 C r ( C O ) 6 ~ ^ ( M e 5S n ) 2 SCr ( CO ) 5+  CO .
b)  Me2S n ( P P h 2 ) 2 + N i ( C 0 ) 4 - - *Me2 S n £ p F h 2J 2E i (  CO) 2 4  2C0
4 ) .  O x i d a t i v e  a d d i t i o n  r e a c  t i o n s .
a )  T r a n s - (  P h ^ P ) 2 ( C 0 ) l r C l + -  E g C l 2 ----- >
10
£ l _ s - (  Ph.^P)2 ( C 0 ) l r C l 2HgCl .
3 ) . O x i d a t i v e  e l  i c i i n a t i o n  r e a c  t i o n s  .
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а )  F e ( C 0 ) ^ i -  Eg Cl g — >Pe(  CO ) ^ ( E g C l  ) 2~h o t h e r  p r o d u c t s
б ) . I n s e r t i o n  r e a c  t i o n s .
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a )  Zn *t Kno ( C 0 ) ,  ~— > ( 0C } MnZnMn( CO)
2 iO j  5
h)  Eg-*- C p F e ( C O ) £ c o J 2 C o ( c o ) 5— > C pFe(  C 0 )  2EgC o(  C 0 ) 1 5 . 
7 ) *  O t h e r  r e a c  t i o n s .
a ) £ i s - ( E t 5P ) 2 Pt'Cl2+  Me GeEgG eM e *
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t r a n s - ( E t ^ P ) 2 PtC!GeMe^-h ClHgGeMe
4b) ( S h _ P ) ^ P t +  2C l j S i K  ------->
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( P h ^ P ) ^ P t (  S i C l  2 ^  o t h e r  p r o d u c t s
( R e a c t i o n  7 a c o u l d  a l s o  be  l o o k e d  u p o n  a s  a t y p e  o f  
e l i m i n a t i o n  r e a c t i o n ,  a s  i n  2 ,  a b o v e ) .
Of t h e  a b o v e  r e a c t i o n s ,  1 and 2 h a v e  b e e n  m o s t  
w i d e l y  u s e d .
T u r n i n g  now t o  t h e  p r e p a r a t i o n  o f  c o m p l e x e s  c o n t a i n i n g  
o n l y  t r a n s i t i o n  m e t a l s ,  r e a c t i o n s  a n a l o g o u s  t o  1 , 2 *  and 3 
a s  l i s t e d  a b o v e ,  h a v e  b e e n  f o u n d  t o  be  t h e  m o s t  p r o d u c t i v e .
•*-) • Nu c l  e o p h i l  i c  d i s  p l a c  e me n t  r e a c  t i o n s  .
a
(OC) MnRe(0 0 ) ^ 4 -  NaCl
2 ) .  E l i m i n a t i o n  r e a c  t i o n s .
a )
j*(0C)4 P e [ p P h 2J P d C l J 2
b)  (OC) p e PPh2H t  Cp2 l l i  ------ »
a )  CpTi ( l7He2 ) 5 + L I o ( C O ) ^ p T i  [jTMe 2J 7 l l o ( Z O )  3C02 °. .
b )  Cp2 T i ( S e P h ) 2 f  Mo(CO)g ----->
Cp2 T i £ s e P h ] 2Mo(CO)4 +  2C02 1 .
e ) Cp2W(SMe)2 + Cr ( CO) 6 — >C £sMeJ2 Cr(  C 0 ) ^  2C02 2 .
prom t h e  two l i s t s  o f  r e a c t i o n s  shown a b o v e ,  i t  c a n  
be s e e n  t h a t  t h e  s y n t h e t i c  r o u t e s  l e a d i n g  t o  t h e  two c l a s s e s  
o f  c o m p l e x e s  a r e  v e r y  s i m i l a r .  On t h e  o t h e r  h a n d ,  t h e i r  
c h e m i c a l  p r o p e r t i e s  d i f f e r  m a r k e d l y .
R e f e r r i n g  t o  t h e  c o m p l e x e s  c o n t a i n i n g  b o t h  
t r a n s i t i o n  and mai n  g r o u p  m e t a l s ,  a s  X,  a nd  t o  t h o s e  
c o n t a i n i n g  o n l y  t r a n s i t i o n  m e t a l s ,  a s  Y,  a l l  o f  t h e  
c o m p l e x e s  X l i s t e d  a b o v e ,  w i t h  t h e  e x c e p t i o n  o f  
( Me^Sn) 2 SCr( CO)^ and Me^nj jPPh^J 2 ^ (  ^^^2 ’ c o a t a i n  m e t a l -  
m e t a l  b on ds  by w h i c h  t h e  ma i n  g r o u p  m e t a l  and  t h e  t r a n s i t i o n  
m e t a l  a r e  l i n k e d  t o g e t h e r .  The c o m p l e x e s  ( Me _Sn) 0 S Cr ( C 0)
 ^ 5
and Me2 S n | p P h 2J 2 i'Ii( C 0 ) 2 h a v e ,  i n  - S -  and -PPh.2 “ ,
r e s p e c t i v e l y ,  l i g a n d s  w h i c h  f o rm  a b r i d g e  b e t w e e n  t h e  two
m e t a l  a t o m s .  Hone o f  t h e  c o m p l e x e s  X h a v e  b o t h  b r i d g i n g
l i g a n d s  and  m e t a l - m e t a l  b o n d s .
I n  c o m p l e x e s  Y,  i t  h a s  b e e n  f o u n d  t h a t  a l t h o u g h  some
6c o n t a i n  o n l y  b r i d g i n g  l i g a n d s ,  e , g ,  C P2W jjSMe^ J 2^ r (  
and some c o n t a i n  o n l y  m e t a l - m e t a l  b o n d s ,  e . g .  MnRe(CO)^q, 
i n  some c a s e s ,  e . g .  CpFe(CQ) JjC °  C C 0 ) i t  i s  n e c e s s a r y  
t o  p o s t u l a t e  a m e t a l - m e t a l  b ond  e v e n  t h o u g h  t h e  c o m p l e x  
h a s  b r i d g i n g  l i g a n d s  b e t w e e n  t h e  two m e t a l s .  T h i s  
p o s t u l a t e  i s  made t o  e x p l a i n  t h e  o b s e r v e d  d i a m a g n e t i s m  
o f  s u c h  c o m p l e x e s .
Fo r  t h e  p r e s e n t ,  i t  w i l l  b e  i n s t r u c t i v e  i f  we c o n s i d e r  
some d i n u c l e a r  m e t a l  c a r b o n y l  c o m p l e x e s  i n  o r d e r  t o
e x a m i n e  t h e  n e e d  t o  p o s t u l a t e  a m e t a l - m e t a l  bond i n  c e r t a i n
/ \ 2 7> / \ 24 / \ 25
c o m p l e x e s .  Mn^CcOj^Q , ’ an<1 J*nRe ( c 0)^Q a r e
i s o m o r p h o u s ,  and c o n t a i n  no b r i d g i n g  c a r b o n y l  g r o u p s ,  s o
t h a t  Mn-Mn, R e - R e ,  and Mn-Re b o n d s ,  r e s p e c t i v e l y ,  m u s t
h o l d  t h e  two h a l v e s  o f  t h e  c o m p l e x e s  t o g e t h e r .  The m o l e c u l a r
26 27
s t r u c t u r e s  o f  Co ( C 0 ) o and Fe „ ( CO) _  show t h a t  t h e r e2 8 2 9
a r e  2 and 3 b r i d g i n g  c a r b o n y l  g r o u p s ,  r e s p e c t i v e l y ,
b e t w e e n  t h e  m e t a l s .  C o u n t i n g  u p  t he  v a l e n c e  e l e c t r o n s
i n  Co ( C 0 ) o and d i v i d i n g  by  2 t o  g i v e  t h e  number o f
2 o
v a l e n c e  e l e c t r o n s  s u r r o u n d i n g  e a c h  c o b a l t  a t om ,  g i v e s  17
e l e c t r o n s ,  w h i c h  i s  an odd n umbe r .  T h e r e f o r e ,  i n  Co0 ( c o )
2 8
t h e  odd e l e c t r o n s  m u st  be  s p i n  p a i r e d ,  g i v i n g  a Co-Co  
b o n d i n g  i n t e r a c t i o n  t o  a c c o u n t  f o r  t h e  o b s e r v e d  d i a m a g n e t i s m .  
The same a r g u m e n t  h o l d s  f o r  F e 2 ( C0 ) ^ .  The m e t a l - m e t a l  
i n t e r a c t i o n  n e e d  n o t  be  s t r o n g  t o  s p i n  p a i r  t h e  e l e c t r o n s
7a n d  c o u l d ,  i n  f a c t ,  b e  t r a n s m i t t e d  t h r o u g h  t h e  b r i d g i n g  
c a r b o n y l s  u s i n g  m u l t i - c e n t r e  m o l e c u l a r  o r b i t a l s .  H o w e v e r ,
o
t h e  Co-Co d i s t a n c e  o f  2 . 5 2 A ,  and  t h e  F e - F e  d i s t a n c e  o f  
2 . 4 6 A,  i n  Co 2 ( C 0 )g  and F e 2 ( C 0 )^ r e s p e c t i v e l y ,  i n d i c a t e  
t h a t  i n  t h e s e  c o m p l e x e s  t h e r e  i s  a s t r o n g ,  d i r e c t  
i n t e r a c t i o n  b e t w e e n  t h e  two m e t a l s .
I n  c o m p l e x e s  w i t h  b r i d g i n g  l i g a n d s  o t h e r  t h a n  c a r b o n -  
m o n o x i d e ,  i t  i s  d i f f i c u l t  t o  e s t i m a t e  t h e  s t r e n g t h  o f  t h e  
p o s t u l a t e d  m e t a l - m e t a l  b o n d .  I n  o r d e r  t o  f or m a s t r o n g  
b o n d ,  t h e  two m e t a l s  m u s t  g e t  a s  c l o s e  t o g e t h e r  a s  
p o s s i b l e ,  b u t  i n  some c a s e s  l i m i t s  a r e  s e t  on how c l o s e  
t h e  two m e t a l  a t o ms  c a n  a p p r o a c h  each ,  o t h e r  b e c a u s e  o f  t h e  
b u l k  o f  t h e  s u r r o u n d i n g  l i g a n d s .
B a s i n g  h i s  a r g u m e n t s  on X - r a y  c r y s t a l l o g r a p h i c  d a t a  
28
Dahl  h a s  s u g g e s t e d  t h e r e  i s  e v i d e n c e  i n  d i n u c l e a r
c o m p l e x e s  w h i c h  r e q u i r e  s p i n  p a i r i n g ,  t h a t  t h e  two
m e t a l  a t o ms  t r y  t o  g e t  a s  c l o s e  t o g e t h e r  a s  p o s s i b l e .  The
^ B\o u t c o m e  o f  t h i s  i s  t h a t ,  m  t h e  c e n t r a l  M 'M r i n g
X B
(M i s  a t r a n s i t i o n  m e t a l  and  B i s  a b r i d g i n g  l i g a n d )  t h e  
BMB a n g l e s  t e n d  t o  b e c o m e  o b t u s e  and t h e  MBM a n g l e s  t e n d  
t o  b ecome  a c u t e .  The d e g r e e  t o  w h i c h  t h e s e  a n g l e s  become  
o b t u s e  and a c u t e ,  r e s p e c t i v e l y ,  w i l l  n o t  d e p e n d  on t h e  
s i z e  o f  t h e  b r i d g i n g  l i g a n d s ,  b u t  t h e  m e t a l - m e t a l  d i s t a n c e
w i l l  d e p e n d  on t h e  s i z e  o f  t h e s e  l i g a n d s .  Thus ,  i t  i s  
b e t t e r  t o  make e s t i m a t e s  o f  t h e  M-M bond s t r e n g t h  by  
c o n s i d e r i n g  t h e  bond a n g l e s  i n  t h e  4 membered MBMB r i n g  
r a t h e r  t h a n  c o n s i d e r i n g  t h e  M-M d i s t a n c e .
I n  b r i d g e d  c o m p l e x e s  w h e r e  i t  i s  n o t  n e c e s s a r y  t o  p o s ­
t u l a t e  a m e t a l - m e t a l  b o n d ,  t h e  MBM a n g l e s  a r e  o b t u s e ,  
t h e  BMB a n g l e s  a r e  a c u t e ,  and t h e  MBMB r i n g  a s  a w h o l e
i 28i s  p i a n a r
The MB MB r i n g ,  i n  c o m p l e x e s  w i t h  a m e t a l - m e t a l  b o n d ,  
h a s  b e e n  f o u n d  t o  be  p l a n a r ,  a s  i n  |Et„PMo(C0)  _ lpMe_|  ,
r r iio r  p u c k e r e d ,  a s  i n  F e ( C 0 ) _  S E t l  k  ' Whe t he r  t h e  r i n g
i s  p u c k e r e d  or  p l a n a r  s e e m s  t o  d e p e n d  on t h e  c o - o r d i n a t i o n
28
number o f  t h e  m e t a l s  i n  t h e  r i n g
I n  c o m p l e x e s  w i t h  a c e n t r a l  4 membered r i n g  o f  t h e
t y p e  I,l( SR) m( SR) ,  t h e  -R g r o u p s  c a n  t a k e  u p  more  t h a n  one
o r i e n t a t i o n  w i t h  r e s p e c t  t o  e a c h  o t h e r  i n  r e l a t i o n  t o  t he
MSMS r i n g ,  t h e r e b y  r a i s i n g  t h e  p o s s i b i l i t y  o f  g e o m e t r i c a l
i s o m e r i s m .  T h i s  h a s  b e e n  f o u n d  t o  o c c u r  i n  f (OC)^Pe
32and  r e l a t e d  c o m p l e x e s
31
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R e t u r n i n g  now t o  h e t e r o d i n u c l e a r  c o m p l e x e s ,  w h i c h  h a v e ,  
b y  d e f i n i t i o n , . t w o  d i f f e r e n t  m e t a l  a t o m s ,  i t  s h o u l d  be  
p o s s i b l e  t o  c o m p ar e  one  s i d e  o f  t h e  c o m p l e x  w i t h  t h e  
o t h e r  i n  o r d e r  t o  o b t a i n  i n f o r m a t i o n  a b o u t  a ny  m e t a l - m e t a l
i n t e r a c t i o n -  w h i c h  may o c c u r .
C o m p a r i s o n s  o f  t h i s  t y p e  c a n  he c a r r i e d  o u t  u s i n g  
i n f r a - r e d ,  n . m . r . ,  and u l t r a - v i o l e t / v i s i b l e  s p e c t r o s c o p i c  
t e c h n i q u e s  a s  an  a l t e r n a t i v e  t o  c o m p l e t e  e l u c i d a t i o n  o f  
t h e  m o l e c u l a r  s t r u c t u r e  by d i f f r a c t i o n  t e c h n i q u e s .  The 
i n f o r m a t i o n  w h i c h  c a n  be  o b t a i n e d  from t h e  v a r i o u s  
s p e c t r o s c o p i c  t e c h n i q u e s  w i l l  be  c o n s i d e r e d  i n  t h e  
f o l l o w i n g  p a r a g r a p h s .
The e n e r g i e s  o f  t h e  c a r b o n y l  s t r e t c h i n g  v i b r a t i o n s
i n  b i n a r y  m e t a l  c a r b o n y l s  h a v e  b e e n  f o u n d  t o  i n c r e a s e  as
t h e  e l e c t r o n i c  c h a r g e  on t h e  c e n t r a l  m e t a l  a t om i s  d e c r e a s e d ,
t h u s ,  i n  V ( C 0 )^  , C r ( CO ) ^ ,  and Mn(C0)^" t h e  c a r b o n y l
-1
s t r e t c h i n g  f r e q u e n c i e s  a r e  1 8 5 9  > 2 0 0 0 , and  2 0 9 6 cm.  ,
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r e s p e c t i v e l y  . The m e t a l - c a r b o n  bond m  m e t a l  c a r b o n y l s  
i s  c o n s i d e r e d  t o  be  made u p  o f  CS a n d X\ c o m p o n e n t s :
C f - d o n a t i o n  o f  t h e  l o n e  p a i r ,  on c a r b o n  i n t o  t h e  v a c a n t  
m e t a l  o r b i t a l s ,  and f o r m a t i o n  o f  a - f f -bond by  b a c k  d o n a t i o n  
o f  e l e c t r o n s  f rom t h e  m e t a l  o r b i t a l s  i n t o  t h e  f i  a n t i b o n d i n g  
o r b i t a l s  on c a r b o n  m o n o x i d e .  The f o r m a t i o n  o f  t h e  //"-bond 
i s  t h o u g h t  t o  be  c r u c i a l  s i n c e  i t  r e m o v e s  e l e c t r o n  d e n s i t y  
f rom t h e  m e t a l  t h e r e b y  s t a b i l i s i n g  i t s  l o w  o x i d a t i o n  s t a t e ,  
c fand-r f  e f f e c t s  a r e  d i f f i c u l t  t o  s e p a r a t e  b e c a u s e  o f  a 
s y n e r g i c  e f f e c t  w h i c h  s t r e n g t h e n s  t h e  me t a l - c  a r b o n  f f - b o n d
when t h e  s t r e n g t h  o f  t h e  m e t a l - c a r b o n  cr-bond i s  i n c r e a s e d .
10
The o v e r a l l  r e s u l t  i s  t h a t  a n y  f a c t o r  w h i c h  l e a d s  t o  
i n c r e a s e d  e l e c t r o n i c  c h a r g e  on t h e  c e n t r a l  m e t a l  a t om  
w i l l  t e n d  t o  d e c r e a s e  t h e  c a r b o n y l  s t r e t c h i n g  f r e q u e n c i e s ,  
s i n c e  t h e  i n c r e a s e d  e l e c t r o n  d e n s i t y  on t h e  m e t a l  w i l l  be  
t r a n s m i t t e d ,  v i a  a t f - b o n d ,  i n t o  t h e  Tl* - a n t i b o n d i n g
53
o r b i t a l s  0 n t h e  c a r b o n y l  g r o u p .
I n  s u b s t i t u t e d  m e t a l  c a r b o n y l s ,  t h e  e l e c t r o n e g a t i v i t y  
o f  t h e  s u b s t i t u e n t  and  i t s  C ~ d o n o r  and / / - a c c e p t o r  p r o p e r t i e s ,  
a s  c o m p a r e d  w i t h  t h o s e  o f  c a r b o n  m o n o x i d e ,  w i l l  h a v e  a 
p r o n o u n c e d  e f f e c t  on t h e  c a r b o n y l  s t r e t c h i n g  f r e q u e n c i e s  
s i n c e  e a c h  o f  t h e s e  p a r a m e t e r s  w i l l  d e t e r m i n e  t h e  c h a r g e  
on t h e  m e t a l  a t o m .  The f a c t o r s  w h i c h  h a v e  a n  e f f e c t  i n  
t h e  i n d i v i d u a l  c o m p l e x e s ,  a s  . f a r  a s  t h e i r  c a r b o n y l  
s t r e t c h i n g  f r e q u e n c i e s  a r e  c o n c e r n e d ,  w i l l  be  d i s c u s s e d  
i n  C h a p t e r  2 .
The c h e m i c a l  s h i f t s  o f  t h e  v a r i o u s  p r o t o n s  i n  t he
s p e c t r u m  o f  a c o m p l e x  i n d i c a t e  t h e  d e g r e e  o f
s h i e l d i n g  t h e  i n d i v i d u a l  p r o t o n s  f e e l .  T h i s  g i v e s  some
m e a s u r e  o f  t h e  e l e c t r o n  d e n s i t y  a t  v a r i o u s  p o i n t s  i n
t h e  c o m p l e x  and t h e r e b y  h e l p s  t o  e l u c i d a t e  t h e  b o n d i n g
s y s t e m .  B e c a u s e  o f  t h e i r  g r e a t  s u s c e p t i b i l i t y  t o
e n v i r o n m e n t ,  t h e  r e s o n a n c e  p o s i t i o n s  o f  t h e  p r o t o n s  a r e
a l s o  v e r y  u s e f u l  t o o l s  f o r  e l u c i d a t i n g  t h e  s t r u c t u r e s  o f
3 1 , 3 2
i s o m e r i c  c o m p l e x e s
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Par  i n f r a - r e d  ( 4 0 0 - 4 0 c m .   ^ ) and u l t r a - v i o l e t / v i s i b l e  
s p e c t r o s c o p y  h a v e  a l s o  b e e n  u s e d  i n  t h i s  r e s e a r c h ,  b u t ,  as  
a l w a y s ,  e x a c t  a s s i g n m e n t s  o f  t h e  p e a ks  a r e  d i f f i c u l t  and  
n o t  n o r m a l l y  u n a m b i g u o u s .  I n  t h e  c a s e  o f  t h e  f a r  i n f r a - r e d  
s p e c t r a  t h i s  a m b i g u i t y  s t e m s  f rom t h e  f a c t  t h a t  s i n c e  m o s t  
o f  t h e  c o m p l e x e s  s t u d i e d  a r e  o f  s u c h  l o w  s y m m e t r y ,  v i r t u a l l y  
e v e r y  v i b r a t i o n  i s  i n f r a - r e d  a c t i v e .  T h i s  l e a d s  t o  a v e r y  
l a r g e  number o f  p e a k s  c o n s i d e r i n g  t h e  numbers  o f  a t oms  i n  
t h e  c o m p l e x e s .  C o m p a r i s o n s  o f  t h e  s p e c t r a  w i t h  t h o s e  o f  
m o n o n u c l e a r  " p a r e n t ” c o m p l e x e s  a r e  i n c o n c l u s i v e  s i n c e  
t h e  " p a r e n t s ” do n o t  n e c e s s a r i l y  h a v e  s t r u c t u r e s  w h i c h  a r e  
r e l a t e d  t o  t h e  d i n u c l e a r  c o m p l e x e s  ( S e e  C h a p t e r  5 ) .
The p o s i t i o n  i s  n o t  q u i t e  s o  bad a s  f a r  a s  u l t r a ­
v i o l e t / v i s i b l e  s p e c t r o s c o p y  i s  c o n c e r n e d .  The d i f f i c u l t y  
h e r e  i s  i n  d e c i d i n g  w h a t  o b s e r v a t i o n s  made i n  t he  e x c i t e d  
s t a t e s  o f  a m o l e c u l e  mean i n  i t s  g r o u n d  s t a t e .
B e c a u s e  o f  t h e  r a n g e  o f  p h y s i c a l  p r o p e r t i e s ,  e s p e c i a l l y  
s o l u b i l i t y ,  f o u n d  i n  t h e  v a r i o u s  s e t s  o f  c o m p l e x e s  p r e p a r e d  
i n  t h i s  r e s e a r c h ,  d i f f e r e n t  t e c h n i q u e s  h a v e  had t o  be  u s e d  
t o  e l u c i d a t e  t h e  v a r i o u s  s t r u c t u r e s  and p r o p e r t i e s .
C h a p t e r  2 d e a l s  w i t h  c o m p l e x e s  w h i c h  a r e ,  t o  some  
e x t e n t ,  s o l u b l e  and t h e r e f o r e  t h e i r  s o l u t i o n  s p e c t r a  c a n  
be  e x a m i n e d .  A s e t  o f  e x t r e m e l y  i n s o l u b l e  C u / T i  c o m p l e x e s  
a r e  d i s c u s s e d  i n  C h a p t e r  3 . The f a r  i n f r a - r e d  s p e c t r a
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o f  a l l  t h e  c o m p l e x e s  p r e p a r e d  a r e  d i s c u s s e d  i n  C h a p t e r  4*
Most  o f  t h e  c o m p l e x e s  t o  he  d i s c u s s e d  w e r e  p r e p a r e d  
by l i g a n d  r e p l a c e m e n t  r e a c t i o n s  i n v o l v i n g  t h e  u s e  o f  
" t r a n s i t i o n  m e t a l  c o n t a i n i n g  l i g a n d s "  f rom w h i c h  t h e  t i t l e  
" O r g a n o m e t a l 1 i c  C o m p l e x e s  as L i g a n d s "  i s  d e r i v e d .  T h es e  
m o n o n u c l e a r  c o m p l e x e s  c o n t a i n  t r a n s i t i o n  m e t a l s  t o  w h i c h  
a r e  b o n de d  g r o u p s  or a t o m s  h a v i n g  a t  l e a s t  one  l o n e  p a i r  
s u i t a b l e  f o r  d o n a t i o n  t o  a n o t h e r  t r a n s i t i o n  m e t a l .  The 
p r o p e r t i e s  o f  t h e s e  ” 1 i g a n d s " a r e  d i s c u s s e d  i n  C h a p t e r  1 
t o  s e r v e  a s  a r e f e r e n c e  f o r  s u b s e q u e n t  c h a p t e r s .
Those  l i g a n d  r e p l a c e m e n t  r e a c t i o n s  w h i c h  g a v e  p r o d u c t s  
d e r i v e d  by r e a r r a n g e m e n t s  or  d e c o m p o s i t i o n s  f rom t h e  d e s i r e d  
p r o d u c t s  a r e  d i s c u s s e d  i n  C h a p t e r  5» The p r o b l e m s  
e n c o u n t e r e d  when u s i n g  n u c l e o p h i l i c  d i s p l a c e m e n t  or  
e l i m i n a t i o n  r e a c t i o n s  a s  r o u t e s  t o  he  t e r o n u c l e a r  c o m p l e x e s  
a r e  a l s o  c o n s i d e r e d  i n  C h a p t e r  5*
CHAPTER 1 
T r a n s i t i o n  Me t a l  C o n t a i n i n g  L i g a n d s
The ma i n  o b j e c t i v e s  o f  t h i s  r e s e a r c h  w e r e  t o  p r e p a r e  
and s t u d y  m u l t i - h e t e r o n u c l e a r  t r a n s i t i o n  m e t a l  c o m p l e x e s .
As w i l l  be  s e e n  i n  l a t e r  c h a p t e r s ,  m o s t  o f  t h e s e  c o m p l e x e s  
w e r e  p r e p a r e d  by l i g a n d  r e p l a c e m e n t  r e a c t i o n s ,  i n  w h i c h  
a " t r a n s i t i o n  m e t a l  c o n t a i n i n g  l i g a n d "  i s  u s e d  t o  r e p l a c e  
l i g a n d s  f rom a n o t h e r  m e t a l .  Some o f  t h e  p r o p e r t i e s  o f  t h e s  
" t r a n s i t i o n  m e t a l  c o n t a i n i n g  l i g a n d s "  w i l l  now be d i s c u s s e d
The m o n o - n u c l e a r  " l i g a n d s ” a r e  o f  two t y p e s : -
1 ) .  ( L-L )l,l( SR) , (L-L * = 1 , 2  b i s - d i p h e n y l  p h o s p h i n o  e t h a n e ,  
O - p h e n y l e n e  b i s - d i e t h y l a r s i n e $ M = - P d , P t ;  R =  M e , P h ) .
2 ) .  Cp2 T i ( S R ) 2 , ( R == Me , P h ) .
1 ) .  The c o m p l e x e s  ( L - L ) m ( S R ) q *
The c o m p l e x e s  p r e p a r e d  t o g e t h e r  w i t h  d a t a  f rom t h e i r  f a r  
i n f r a - r e d ,  ^ H n . m . r . ,  and u . v . / v i s i b l e  s p e c t r a  a r e  g i v e n  
i n  Tabl  e 1 . 1 .
a )  P r e p a r a t i o n
( i n  t h i s  s e c t i o n  L-L s t a n d s  f o r  a n y  c h e l a t i n g  
d i p h o s p h i n e ,  d i a r s i n e ,  or d i s u l p h i d e ,  w h e r e a s  i n  ( b ) ,
L-L w i l l  be  c o n f i n e d  e x c l u s i v e l y  t o  1 , 2  b i s - d i p h e n y l -  
p h o s p h i n o  e t h a n e  and O - p h e n y l e n e  b i s - d i e t h y l a r s i n e ) .
A l l  t h e  c o m p l e x e s  l i s t e d  i n  T a b l e  1 . 1  w e r e  p r e p a r e d  
by t h e  g e n e r a l  r e a c t i o n ,
(L-L)LIGl +  2RSH f  2NEt  — » ( L - L ) M ( S R ) ;>+  21TEt,HCl ( i n  t o l u e n e ) ,
a f t e r  p r e l i m i n a r y  r e a c t i o n s  had  shown t h a t  t h e  o t h e r  
p o s s i b l e  r o u t e  t o  t h e s e  c o m p l e x e s ,  i . e .
( L-L ) MCI 2 -f 2NaSR— > ( L-L )ll(  SR) 2 +- 2RaCl ( i n  e t h a n o l ) ,
g a v e ,  a s  w e l l  a s  t h e  d e s i r e d  p r o d u c t s ,  c o n s i d e r a b l e  y i e l d s
o f  w a t e r  s o l u b l e  p r o d u c t s  w h i c h  c o u l d  n o t  be  c h a r a c t e r i s e d .
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The c o m p l e x e s  Me PCH2 CH PMe2 l:( SR) ( M - P d , P t ;  R =  Me , Ph ) 
w e r e  n o t  o b t a i n e d  by e i t h e r  o f  t he  two m e t h o d s  d e s c r i b e d  
a b o v e ;  1 0 0 ;^  y i e l d s  o f  w a t e r  s o l u b l e  p r o d u c t s  w e r e  o b t a i n e d  
i n  b o t h  c a s e s .
The r e a s o n s  f o r  t h e s e  lOO^o y i e l d s  o f  w a t e r  s o l u b l e
( p r e s u m e d  i o n i c ) p r o d u c t s , and f o r  t h e  s i g n i f i c a n t  y i e l d s
o f  s i m i l a r  p r o d u c t s  f rom t h e  r e a c t i o n s  o f  NaSR w i t h
Ph2 PCH2CH2 PPh2MCl e t h a n o l ,  c a n n o t  be  e x p l a i n e d  a s  t h e
w a t e r  s o l u b l e  p r o d u c t s  c o u l d  n o t  be  c h a r a c t e r i s e d .
P r o d u c t s  s i m i l a r  t o  t h e s e  h a v e  b e e n  o b t a i n e d ,  t o g e t h e r
34w i t h  t h e  d e s i r e d  p r o d u c t s ,  i n  a n a l o g o u s  r e a c t i o n s  .
I t  i s  p o s s i b l e  t h a t  t h e  w a t e r  s o l u b l e  s p e c i e s  may be  
i n t e r m e d i a t e s  w h i c h ,  when r e a c t e d  w i t h  a s u i t a b l e  r e a g e n t ,  
l e a d  t o  t h e  d e s i r e d  p r o d u c t s  ( a s  i s  n e c e s s a r y  i n  t h e  
p r e p a r a t i o n  o f  some c h e l a t i n g  d i p h o s p h i n e  p l a t i n u m
55d i c h l o r i d e  c o m p l e x e s  ) b u t ,  s i n c e  t h e  n a t u r e  o f  t h e  
w a t e r  s o l u b l e  s p e c i e s  i s  unknown,  t h i s  i s  m e r e l y  
s u p p o s  i  t i o n .
I n  c e r t a i n  i n s t a n c e s ,  when  (L-L) l . ICl2 was  r e a c t e d  w i t h  
e i t h e r  i )  ITaSR or  i i )  RSH and NEt , t h e  c h e l a t i n g  l i g a n d ,
L - L ,  was l i b e r a t e d  and was  f o r m e d .  The r e a c t i o n s
i n  w h i c h  t h i s  o c c u r r e d  w e r e  t h o s e  i n v o l v i n g  
Ph2 PCH2 PPh2 PdCl  , 1 , 5 - h e x a d i e n e P t C l 2> PhSCHgCH 2 SPhPdCl 2
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( w h e n  r e a c t e d  w i t h  NaSI.Ie, or  MeSH and N E t ^ ) , and  
MeSCI^CE^SMePdCl 2 ( w h e n  r e a c t e d  w i t h  NaSPh,  or PhSK and lTEt7 ) ,
The p r e f e r r e d  f o r m a t i o n  o f  Ql ( S R)  ^J ^ anc  ^ r a ^^ -e r  
t h a n  ( l - L ) m ( S R ) ^  ( f o r  a g i v e n  R) w i l l  o c c u r  b e c a u s e  t he  
l o n e  p a i r s  on s u l p h u r  ( i n  (L-L )l l (  S R) g )  a r © s t r o n g  enough  
n u c l e o p h i l e s  t o  d i s p l a c e  t h e  c h e l a t i n g  l i g a n d  f r om t h e  
m e t a l .  S i n c e  Ph^PCE^PPhg? PhSCH^CH^SPh, and MeSCHgCH/^SKe 
a r e  d i s p l a c e d  f rom p a l l a d i u m ,  w h e r e a s  Ph^PCHgCH^PPh^ and  
C^H^(AsEt2 ) 2  ( O - p h e n y l e n e  b i s - d i e  t h y l a r s  i n e )  a r e  n o t ,  
t h e  f o r m e r  g r o u p  o f  c h e l a t i n g  l i g a n d s  m u s t  be  l e s s  s t r o n g l y  
b o n d e d  t o  p a l l a d i u m  t h a n  a r e  t h o s e  i n  t h e  l a t t e r  g r o u p .
I n  a n  a t t e m p t  t o  r a t i o n a l i s e  t h e s e  o b s e r v a t i o n s  t h e  
m e t a l - c h i  o r i n e  s t r e t c h i n g  f r e q u e n c i e s  o f  t h e  c o m p l e x e s  
( L - L J mCI^  w e r e  r e c o r d e d ,  and a r e  l i s t e d  i n  T a b l e  1 . 2 .
There  d o e s  n o t ,  h o w e v e r ,  s eem t o  be  a ny  c o r r e l a t i o n  
b e t w e e n  e i t h e r  or  b o t h  o f  t h e  me t a l - c h i  or  i n e  s t r e t c h i n g  
f r e q u e n c i e s  and t h e  c o u r s e  o f  t h e  r e a c t i o n s .
I n  t h e  a b s e n c e  o f  any  ^ - b o n d i n g  e f f e c t s  i n  t h e  1I-C1 
and M-L b o n d s ,  i t  m i g h t  h a v e  b e e n  a n t i c i p a t e d  t h a t  t h e  
m e t a l - c h l o r i n e  s t r e t c h i n g  f r e q u e n c i e s  w o u l d  be d i r e c t l y  
r e l a t e d  t o  t h e  s t r e n g t h  o f  t h e  cr -bonds  f rom L-L t o  t h e  
m e t a l :  t h e  s t r o n g e r  t h e  M-L cf-bond t h e  l o w e r  t h e  m e t a l -
c h l o r i n e  s t r e t c h i n g  f r e q u e n c y .  B u t ,  b e c a u s e  o f  t h e  
p o s s i b i l i t i e s  o f  f ^ - bo nd i ng  and s y n e r g i c  e f f e c t s ,  i n c r e a s e d
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/ f - b a c k b o n d i n g  f rom M t o  L w i t h  b e t t e r  cT-donors  w o u l d  
t e n d  t o  r a i s e  t h e  m e t a l - c h i o r i n e  s t r e t c h i n g  f r e q u e n c i e s .  
T h u s ,  i f  b o t h  t h e  (T-donor and 7 7 - ac c  e p t o r  p r o p e r t i e s  o f  
t h e  d o n a t i n g  a t oms  i n  L-L d e t e r m i n e  t h e  M-L bond s t r e n g t h  
i n  (L-L)MC12 , i t  i s  h a r d l y  s u r p r i s i n g  t h a t  t h e  m e t a l -  
c h l o r i n e  s t r e t c h i n g  f r e q u e n c i e s  do n o t  g i v e  an  i n d i c a t i o n  
o f  t h e  s t r e n g t h s  o f  t h e  M-L b o n d s .  So ,  f o r  a g i v e n  
c o m p l e x  (L-LjMCl^ i t  i s  n o t  p o s s i b l e  t o  t e l l  a, p r i o r i  
w h e t h e r  t he  d e s i r e d  c o m p l e x ,  ( L - L ) m(SR)  , w i l l  be  f o r me d  
or w h e t h e r  t h e  c h e l a t i n g  l i g a n d ,  L - L ,  w i l l  be  l i b e r a t e d ,  
i n  t h e  r e a c t i o n  o f  ( L- Lj MC l ^  w i t h  SR .
b)  P r o p e r t i e s ,
The i n f r a - r e d ,  ^ H n . m . r . , and u . v . / v i s i b l e  s p e c t r o s c o p i c  
d a t a  t o  be  d i s c u s s e d  a r e  l i s t e d  i n  T a b l e  1 . 1 .  ^
i ) I n f r a - r e d  P a t a
The m e t a l - s u l p h u r ( m e t h y l ) s t r e t c h i n g  f r e q u e n c i e s  w e r e  
a s s i g n e d  u n a m b i g u o u s l y  by c o m p a r i s o n  o f  t h e  c o r r e s p o n d i n g  
d i a r s i n e  and d i p h o s p h i n e  c o m p l e x e s .
B o t h  t h e  s y m m e t r i c  and a s y m m e t r i c  m e t a l - s u l p h u r ( meth y i )  
s t r e t c h i n g  v i b r a t i o n s  o c c u r  a t  v e r y  s i m i l a r  f r e q u e n c i e s  
when M ■= Pd and when H = P t  f o r  a g i v e n  c h e l a t i n g  l i g a n d .
T h i s  r e s u l t  i s  t h e  same as  t h a t  o b s e r v e d  f o r  t h e  m e t a l -
T a b l e  1 . 1
1Hn .m . r U . V . / V i s i b l e  S r e c t r a
Compl ex
a/!J- S a 
( c m . " 1 ) “TS-CH?—5 V m a x . ( c m . “ ^ ) ( l o g  £  ) c
Pli2PCH2CH2 PPh2 Pd(S!. !e) 2 5 2 0 ,
307
7 . 9 8 22000(  2 . 3 2 ) ; 2 4 3 0 o ( 2 . 4 5 )  : 
2 9 7 0 0 ( 4 . 0 7 ) 5 3 8 0 0 0 ( 4 . 6 3 ) ;
Ph2PCH2CH2 PPh2 Pt (3 I . ! s ) 2 5 2 6 ,
509
7 . 8 8 261 0 0 (  2 . 1 5  ) 5 3 2 7 0 0 ( 5 . 5 6 )5  
5 8 7 0 0 ( 4 . 4 5 ) •
Ph2PCH2CH2 PPh2 P d ( S P h ) 2 2 1 2 0 0 (  3 . 0 3 ) j 2 9 3 0 0 ( 4 . 0 9 )  ; 
3 7 8 0 0 ( 4 . 4 8 ) .
Ph2PCE2CH 2 P?h2 Pt  ( S P h ) 2 25 0 0 0 . ^2 . 53 )  ; 3 2 6 0 0 (  5 . 8 0 )  5 
5 8 9 0 0 ( 4 . 5 3 ) .
C6H4 ( A s E t 2 ) 2 Pd(£i . !e) 2 5 1 8 ,
308
7 . 6 0 227 0 0 (  2 . 4 8 )  5 2 89 0 0 (  3 . 5  6 ) ; 
357 0 0 ( 5 . 4 0 ) .
CgH4 ( A s E t 2 ) 2 ? t ( S ? ; e ) 9 327 , 
318
7 - 4 0 > 2 5 6 0 0 d; 3 0 5 0 0 ( 3 - 0 8 )  ; 
3 7 0 0 0 ( 3 . 7 3 ) .
C5H4 ( A s Et 2 ) 2 P d ( S P h ) 2 2 1 6 0 0 ( 3 . 1 4 ) ; 2 9 2 0 0 ( 3 . 7 1 ) ; 
3 5 90C'( 3 . 6 6 ) .
a) Recorded as  " R i g i d e x 11 d i s c s .
b) In CDC1-, u s i n g  i n t e r n a l  T .M.S . = 10 *0 "STas s t a n d a r d .
c) In CIIC1 _ .
3
&) Exact p o s i t i o n  an d  e x t i n c t i o n  c o e f f i c i e n t  w ere  n o t  o b t a i n e d  
because o f  t h e  p r o x i m i t y  o f  t h e  i n t e n s e  peak a t  3 0500cm .
The l i g a n d s  Ph o P0Ho CHo PPho and C . H . ( A s E t 0 ) 0 show o n l y  weak  
2 2 2  2 6 4  2 2
bands i n  t h e  r a n g e  c o v e r e d .
T a b l e  1 . 2
Complex VM-C1 ( c m . - 1 ) a
Pii2 PCH2 CH2 PPii2 P d C 1 2 3 1 0 28 6 b
Ph 2 PC3T2 CH'2 PPh2 PtC 1 2 314 293
C^H^(AsEt2 ) 2 P d C l2 • 319 300
C6H4 ( A s E t 2 ^2 P t C 1 2 3 2 0 3 0 2
Me 2 PC H 2 C H2 PMe 2 PdC 1 2 3 0 0 268
Me2 PCH2 CH2 PMe2 P t C l 2 ■501 277
1 , 5 - h e x a d i e n e  P t C l 0 340 3 1 6
Me S C H2 CH 2 SMe PdC1 2 315 29 6 b
PhSCHgC.HgSPhPdClg 338 3 1 8
a )  R e c o r d e d  as " R i g i d e x "  d i s c s .
b) R e c o r d e d  as  N u j o l  m u l l s  ( R e f .  3 7 ) •
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c h l o r i n e  s t r e t c h i n g  f r e q u e n c i e s  i n  (L-L)MCl  . ( S e e  T a b l e  1 . 2 ) 
i ^ ) ^H n . m . r .  D at a
The r e s o n a n c e s  o f  t h e  -S-CH^ p r o t o n s  i n  ( L- L) M( SMe ) 2 
a r e  a t  h i g h e r  f i e l d  when M= Pd t h a n  when M= P t ,  
s u g g e s t i n g  t h a t  i n  t h e  b o n ds  j o i n i n g  t h e  s u l p h u r  a toms  
t o  t h e  m e t a l ,  t h e  e l e c t r o n i c  c h a r g e  i s  more c o n c e n t r a t e d  
r o u n d  t h e  s u l p h u r  a t oms  when M = P d  t h a n  when M-  P t .  T h i s  
m e a n s ,  e f f e c t i v e l y ,  t h a t  i n  (L-L )m( SMe) 2 > i s  more  
e l e c t r o n e g a t i v e  t h a n  Pd,  f o r  a g i v e n  L - L .
i i i ) U . V . / V i s i b l e  Dat a
I f  t h e  a b o v e  a r g u m e n t ,  c o n c e r n i n g  t h e  r e l a t i v e  
e l e c t r o n e g a t i v i t i e s  o f  Pd and P t ,  i s  c o r r e c t ,  m e t a l —> l i g a n d  
c h a r g e  t r a n s f e r  i n  ( L - L ) m ( S R ) 2  s h o u l d  be  o f  l o w e r  e n e r g y  
when M~ Pd t h a n  when P t ,  f o r  a g i v e n  L-L and R. Of t h e  
3 b ands  ( 4  i n  t he  c a s e  o f  PRgPCHgCHgPPhgPdCSMe)2 ) t h e  
2 a t  h i g h e r  e n e r g y  ( 2 9 , 0 0 0 - 3 3 >0 0 0 c m . a n d  3 5 »0 0 0 -  
3 9 , 0 0 0 c m . ) c a n  be a s s i g n e d  t o  c h a r g e  t r a n s f e r  bands  
b e c a u s e  o f  t h e i r  h i g h  e x t i n c t i o n  c o e f f i c i e n t s .  S i n c e  
b o t h  o f  t h e s e  b an ds  o c c u r  a t  l o w e r  e n e r g i e s  when M =■ Pd 
t ha n  'when P t ,  t h e y  a r e  t h o u g h t  t o  a r i s e  f r om m e t a l  t o  
l i g a n d  c h a r g e  t r a n s f e r .  T h e s e  a s s i g n m e n t s  a r e  v e r y  
t e n t a t i v e ,  and  t h e r e f o r e  no a t t e m p t  has  b e e n  made t o
19
i n v e s t i g a t e  t h e  n a t u r e  o f  t h e  m o l e c u l a r  o r b i t a l s  i n v o l v e d .
The o t h e r  ( l o w  e n e r g y ,  l o w  e x t i n c t i o n  c o e f f i c i e n t )  band
( 2  i n  t h e  c a s e  o f  Ph^PCEgCHgPPh^Pd( Sl.Ie) ^ r a n g e
2 1 , 0 0 0 - 2 6 , 0 0 0 c m . ^  i s  a s s i g n e d  t o  a d— t r a n s i t i o n .
Th e s e  b a n ds  a l s o  f o l l o w  t h e  a b o v e  p a t t e r n  i n  f r e q u e n c y
d i f f e r e n c e s  on g o i n g  f rom Pd t o  P t ,  b u t  t h i s  i s  p r o b a b l y
f o r t u i t o u s  as  t h e  h i g h e r  e n e r g y  t r a n s i t i o n  i n  t h e  p l a t i n u m
c o m p l e x e s  i s  p r o b a b l y  a s s o c i a t e d  w i t h  t h e  g r e a t e r  l i g a n d
f i e l d  s p l i t t i n g  i n  t h e  t h i r d  row e l e m e n t .  Bands  i n  t h e
e l e c t r o n i c  s p e c t r a  o f  some d i n u c l e a r  f T - a l l y l  p a l l a d i u m
4 0
c o m p l e x e s  h a v e  r e c e n t l y  b e e n  a s s i g n e d  , b u t  t h e  p o s i t i o n s  
and a s s i g n m e n t s  d i f f e r  s o me wha t  f rom t h o s e  d e s c r i b e d  a b o v e .
i v )  B o n d i n g  i n  ( L - L ) h (SR)
The c o m p l e x e s  a r e  t h o u g h t  t o  h a v e  an a p p r o x i m a t e l y
s q u a r e  p l a n a r  a r r a n g e m e n t  o f  l i g a n d s  a r o u n d  t h e  c e n t r a l
m e t a l  a t o m .  Wi t h  t h i s  a r r a n g e m e n t  o f  l i g a n d s ,  8 o f  the  9
b o n d i n g  m o l e c u l a r  o r b i t a l s ,  c o n s t r u c t e d  f rom t h e  ( n - l ) d ,
n s , and np a t o m i c  o r b i t a l s  o f  Pd or P t , and t h e  l i g a n d
"fcllo r b i t a l s ,  w i l l  be  f i l l e d ,  b u t  t h e  9 o r b i t a l  w i l l  be
v a c a n t  s i n c e  t h e  m e t a l  atom i n  (L-I#)M( SR)g i s  s u r r o u n d e d
by o n l y  16  v a l e n c e  e l e c t r o n s .  I n  t h e  c o - o r d i n a t e  a x e s  o f
0
F i g u r e  1 . 1  t h i s . v a c a n t  o r b i t a l  w i l l  a p p r o x i m a t e  t o  a pure  
np^ o r b i t a l  ( b e c a u s e  o f  t h e  h i g h e r  e n e r g y  a s s o c i a t e d  w i t h
20
t h e  np o r b i t a l s  a s  compared  w i t h  t he  ( n - l ) d  o r b i t a l s )  
l y i n g  p e r p e n d i c u l a r  t o  t h e  p l a n e  o f  t h e  l i g a n d s .  Thi s  
v a c a n t  o r b i t a l  may n o t  be a b s o l u t e l y  pure  n p z a s  t h e r e  may 
be  a s m a l l  c o n t r i b u t i o n  from t h e  l i g a n d  o r b i t a l s .
-»X
F i g u r e  1 . 1  The v a c a n t  o r b i t a l  i n  ( L - L ) m( S R ) 9 .
2 )  * The c omul e i i e s  Cpo Ti CSR) ^*
a ) P r e p a r a t i o n
The c o m p l e x e s  Cp2 T i ( S R )2 ( R = M e , P h )  w e r e  p r e p a r e d  by  
t h e  g e n e r a l  r e a c t i o n : -
Cp2 T i C l 2 + 2RSH + 2 H E t j — » Cp2 T i ( S R ) 2 + 2 N Et ~HCl . ( i n  t o l u e n e ) .
The p r e p a r a t i o n  o f  t h e  c o m p l e x e s  C p g T ^ S R ^ b y  t h e  
r e a c t i o n  o f  Cp2 T i C l 2 w i t h  RaSR i n  t o l u e n e  g a v e ,  a s  w e l l
21
a s  t h e  d e s i r e d  p r o d u c t s ,  p r o d u c t s  c o n t a i n i n g  a TiOTi
39
s e q u e n c e  . Tne r e a c t i o n s  o f  NaCsCPh w i t h  C p g T i C l g  a l s o
g a v e  p r o d u c t s  c o n t a m i n a t e d  w i t h  o x y g e n .  S i m i l a r l y ,  when
38
ZrCl was  r e a c t e d  w i t h  NaC H , p r o d u c t s  c o n t a i n i n g  ZrOZr 
4 5 5
w e r e  o b t a i n e d .  T h es e  o b s e r v a t i o n s  c a n  o n l y  be  r a t i o n a l i s e d
by a s s u m i n g  t h a t  a r e d u c t i o n  s t e p  i s  t a k i n g  p l a c e  g i v i n g  
I I I
Ti  w h i c h  i s  r e - o x i d i s e d ,  by  a t m o s p h e r i c  o x y g e n ,  on
IV IV 39
work u p ,  t o  g i v e  Ti  - O - T i  . G i a d i n g s  f o u n d  t h a t
C p g T i C ^  was e a s i l y  r e d u c e d  by z i nc  d u s t ,  b u t  t h e  r e d u c t i o n
w o u l d  n o t  t a k e  p l a c e  when m e t a l l i c  s od i u m was u s e d  i n s t e a d .
Thus ,  a l t h o u g h  r e d u c t i o n  mu s t  be  t a k i n g  p l a c e ,  i t  i s  n o t
p o s s i b l e  t o  s a y  w h e t h e r  t h e  r e d u c i n g  a g e n t  i s  f i n e l y  d i v i d e d
s o d i u m  ( p o s s i b l y  c a t a l y s e d  by t h e  s o d i u m s a l t s ,  NaSR) or
t h e  s o d i u m  s a l t s  t h e m s e l v e s .
I n  some r e a c t i o n s  o f  Cp^Ti Cl g  w i t h  NaC=CPh, c o m p l e x e s
w e r e  o b t a i n e d  w h i c h  g a v e  a n a l y t i c a l  f i g u r e s  c l o s e  t o  t h o s e
r e q u i r e d  f o r  C p ^ T i ( C l ) C = C P h . T h i s  s u g g e s t s  t h a t  t he  f i r s t
c h l o r i n e  atom i s  more e a s i l y  r e p l a c e d  t h a n  t h e  s e c o n d .
41I t  h a s  b e e n  f o u n d  t h a t  t h e  r e a c t i o n s  o f  Cp^TiCl^ w i t h  
■*, t t>d i th i o l s ,  i n  t h e  p r e s e n c e  o f  b a s e ,  y i e l d e d  o l i g o m e r s  o f  
t h e  g e n e r a l  f o r m u l a  C l - T i C  P g - £ s - (  CE2 ) n - S - T i C  PgJ x - S - T i C  P2CI 
i n s t e a d  o f  t h e  d e s i r e d  p r o d u c t s ,  Cp2 T i ( S - ( C H g ) n - S ) .  Th i s  
a g a i n  i n d i c a t e s  t h a t  t h e  f i r s t  c h l o r i n e  atom i s  more e a s i l y  
r e p l a c e d  t h a n  t h e  s e c o n d ,  by t h e  i n c o m i n g  n u c l e o p h i l e .  I t  
i s  t h e r e f o r e  i n f e r r e d  t h a t  t h e  t a r r y  p r o d u c t s  f rom t he
2 2
r e a c t i o n s  o f  Cp2 T i C l 2 w i t h  HSCH2CE2 SH, i n  t h e  p r e s e n c e  o f  
IfEt , a r e  a l s o  o l i g o m e r s .
3
I t  s h o u l d  be  p o i n t e d  o u t ,  t h a t  c o m p l e x e s  o f  the d e s i r e  
•type a r e  known,  a l t h o u g h  t h e y  a r e  s y s t e m s  s u c h  as
C . / Y V He41 / ' V * 42  
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w h e r e  t h e r e  i s  much more r i g i d  s t e r i c  c o n t r o l  o v e r  t h e  
o r i e n t a t i o n s  t h e  f r e e  t h i o l  c a n  a d o p t  r e l a t i v e  t o  t h e  
o t h e r  c h l o r i n e  a t om i n  t h e  p r o b a b l e  i n t e r m e d i a t e s
Cl
C P o l ­ and Cp TiCT H .
H h:
4
H o w e v e r ,  t h e  r e l a t e d  c o m p l e x e s  C p2M( SCH2CH2 S ) (M=Mo,Y7
\ , N44 >45and  Cp2 T i e ^ ^ ( S ) n ( n  =  l , 2 >3 ) h a v e  b e e n  r e p o r t e d ,  and
t h e r e  may be  f a c t o r s  o t h e r  t h a n  s t e r i c  c o n t r o l  i n v o l v e d  
i n  t h e s e  c a s e s .
The f a i l u r e  t o  p r e p a r e  C pT i ( SMe ) _  a t  room t e m p e r a t u r i
46 , 3 ,
a g r e e s  w i t h  t h e  r e p o r t  t h a t  CpTi^SPhJ^ u n s t a b l e
47a b o v e  -25 C.  R a z u v a e v  and L a t y a e v a  h a v e  p o i n t e d  o u t  
t h a t  t h e  c o m p l e x e s  CpTiX-j a r e ,  i n  g e n e r a l ,  u n s t a b l e  as  
c o mp a r e d  w i t h  Cp2 TiX2> ( X =  an a l k y l  or a r y l  r a d i c a l ,  a 
h a l o g e n ,  or an  a l k o x i d e  g r o u p ) .
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b ) P r o p e r  t i  e s
The ^ H n . m . r .  and u . v . / v i s i b l e  s p e c t r o s c o p i c  d a t a  
f o r  t h e  c o m p l e x e s  Cp2 T i ( S R ) 2 » t o g e t h e r  w i t h  s i m i l a r  d a t a  
f o r  C p^TiCl   ^ and Cp2 T i ( 0 P h ) 2 , a r e  l i s t e d  i n  T a b l e  1 . 3 *
( Th e  f a r  i n f r a - r e d  d a t a  w i l l  be  d i s c u s s e d  i n  C h a p t e r  4 ) •
i ) ^ E n . m . r . D at a
The p o s i t i o n s  o f  t h e  c y c l o p e n t a d i e n y l  p r o t o n
r e s o n a n c e s  i n  Cp T i ( S R ) „  (R =  Ivle,Ph) a r e  i n  a g r e e m e n t
 ^ . 4 1 , 4 8 - 5 0
w i t h  p u b l i s h e d  d a t a  f o r  t h e s e  and r e l a t e d  c o m p l e x e s
The ma i n  f e a t u r e  o f  t h e  s p e c t r a  i s  a s h i f t  t o  h i g h e r  f i e l d
o f  t h e  s i n g l e  c y c l o p e n t a d i e n y l  p r o t o n  r e s o n a n c e  s i g n a l
on g o i n g  f ro m Cp^TiClg  t o  C p g T i f SR j g*  C y c l o p e n t a d i e n y l
p r o t o n s  h a v e  b e e n  f o u n d  t o  r e s o n a t e  a t  h i g h e r  f i e l d  a s  t he
e l e c t r o n e g a t i v i t y  o f  t h e  o t h e r  s u b s t i t u e n t s  on t i t a n i u m
5 I - 5  3i s  r e d u c e d  . T h e r e f o r e ,  c h l o r i n e  b e i n g  more
e l e c t r o n e g a t i v e  t h a n  s u l p h u r  ( t h e  e l e c t r o n e g a t i v i t y  o f  t he  
l a t t e r  may w e l l  v a r y  s l i g h t l y  w i t h  s m a l l  c h a n g e s  i n  
i n d u c t i v e  and m e s o m e r i c  e f f e c t s  o f  t h e  g r o u p s  R i n  Cp2 T i ( S R ) 2 ) 
t h e  s h i f t  t o  h i g h e r  f i e l d  i s  a s  e x p e c t e d .
A s i n g l e  c y c l o p e n t a d i e n y l  p r o t o n  r e s o n a n c e  i s  o b s e r v e d  
f o r  b o t h  Cp0 T i ( S M e )2 and Cp2 T i ( S P h ) 2 e v e n  a t  - 35° C i n 
c h i  o r o b e n e e n e  ( S e e  T a b l e  2 * 1 ,  C h a p t e r  2 ) i n d i c a t i n g  t h a t  
i n  b o t h  c o m p l e x e s  t h e  two r i n g s  a r e  m a g n e t i c a l l y  e q u i v a l e n t  
and a r e  n o t  r e s t r i c t e d  i n  t h e i r  r o t a t i o n  by t h e  -SR g r o u p s .
T a b l e  1 . 3
“Hu . Li. r a. Specxra. TJ .7.  / 'V i s ib l e 13 
S p e c t r a .
^ c 3 h. 'fc'S-CH.“ 3 Vmax . ( cm . -1*)
Complex CDC1, C C l  6 3 C DC1 - > C 01 6 3 ( l o g  £ )  .
Cp2T i C l 2 3.40 c - 19300( 3 . 35)  ;
2 6 1 0 0 ( 2 . 3 1 ) .
Cp2Ti(0Pi i )  2 3.70 c - - d
CpgTi( SLIe) 2 04 CO CD 4 . 2 4 7 . 3 8 7 .43 1 8 8 0 0 ( 3 . 6 2 ) ;  
27 6 0 0 ( 3 . 0 6 )  .
Cp2Ti(SPh)  2 3.97 4 - 2 4 - - 1 8 6 0 0 ( 3 . 6 0 ) ; 
2 6 0 0 0 ( 3 . 2 3 ) .
a)  R e l a t i v e  t o  i n t e r n a l  T . M . S .  a t  lO.O'K  
b,j I n  CHC1-.
° )  Hc r e s o n a n c e  t o o  c l o s e  t o  C^Hr-Cl r e s o n a n c e  t o  be / 5 - 3  6 - 3
d i s  t i n g u i s h e d . 
d) No a b s o r p t i o n  b e t w e e n  1 4 0 0 0  and 2 5 0 00 cm .   ^ . S t r o n g  
a b s o r p t i o n  ab o v e  2 6 4 0 0 c m . .
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Two c y c l o p e n t a d i e n y l  p r o t o n  r e s o n a n c e s  h a v e  b e e n  
45
o b s e r v e d  a t  room t e m p e r a t u r e  i n  t h e  s p e c t r u m  o f  Cp^TiS, .
2 5
i n  w h i c h ,  as  s hown i n  F i g u r e  1 * 2 ,  t h e  two c y c l o p e n t a d i e n y l  
r i n g s  a r e  i n  d i f f e r e n t  e n v i r o n m e n t s  s i n c e  i n v e r s i o n  o f  t h e  
S^Ti  r i n g  i s  s l o w  ( r e l a t i v e  t o  t h e  ^ H n . m . r .  t i m e  s c a l e )  or  
n o n - e x i s t a n t .  The two s i g n a l s  c o a l e s c e  a t  h i g h e r  t e m p e r a t u r e s  
i n d i c a t i n g  t h a t  more r a p i d  i n v e r s i o n  i s  t a k i n g  p l a c e .
S i m i l a r  r e s u l t s  h a v e  b e e n  o b s e r v e d ^  f o r  CE^S^.
F i g u r e  1 . 2  O r i e n t a t i o n s  o f  t h e  Cp r i n g s  i n  Cp2 T i S ^ .
i i )  E.  V . / V i s  i b l e  Data
3 8 , 5 5
A t t e m p t s  h a v e  b e e n  made t o  a s s i g n  b a n ds  i n  t h e
e l e c t r o n i c  s p e c t r a  o f  t h e  c o m p l e x e s  CP2 IVIX2 (M =  T i , Z r $  
X = * C l , B r ) ,  b u t  t h e  a s s i g n m e n t s  a r e  i n c o n c l u s i v e  s i n c e  t h e  
r e l a t i v e  e n e r g i e s  o f  t h e  m o l e c u l a r  o r b i t a l s  i n v o l v e d  a r e  
v i r t u a l l y  u nkno wn.  Onl y  q u a l i t a t i v e  a s s i g n m e n t s  f o r  t h e  
c o m p l e x e s  Cp2 T i ( S R )2 h a v e  t h e r e f o r e  b e e n  a t t e m p t e d .
The h i g h  i n t e n s i t i e s  o f  t h e  two bands  o b s e r v e d  b e l o w
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- 1
2 8 , 0 0 0 c m .  s u g g e s t s  t h a t  t h e y  c a n  be a s s i g n e d  t o  
l i g a n d — > m e t a l  c h a r g e  t r a n s f e r ,  r a t h e r  t h a n  t o  i n t e r n a l  
e x c i t a t i o n  o f  t h e  c y c l  o p e n  t a d i  e n y l  or p h e n y l  ( w he n  R rr Ph ) 
r i n g s .  C p g T i C ^  and Cp2 T i ( S R ) 2  b o t h  show b a n d s  i n  t he  
r e g i o n  1 8 - 1 9 , 0 0 0 cm.   ^ w h e r e a s  Cp2 T i ( 0 Ph) 2  d o e s  n o t .
On t h e  b a s i s  t h a t  t h e  d i f f e r e n c e s  i n  t h e s e  s p e c t r a  mus t  
a r i s e  f rom d i f f e r e n c e s  i n  l i g a n d s  o t h e r  t h a n  t h e  
c y c l o p e n t a d i e n y l  r i n g s ,  t h e  peaks  a t  1 8 , 8 0 0 c m . i n  
Cp2 T i ( S M e )2 and a t  1 8 , 6 0 0 cm.  ^ i n  Cp2 T i ( S P h ) 2  a r e  a s s i g n e d  
t o  s u l p h u r . —> t i t a n i u m  c h a r g e  t r a n s f e r .  The o t h e r  p e a k s ,  
a t  27 , 6 0 0 c m .   ^ i n  C p 2 Ti (  SMe) ^  and a t  2 6 , 0 0 0 c m .  1 i n  
Cp2 T i ( S P h ) 2 , a r e  a s s i g n e d  t o  c h a r g e  t r a n s f e r  f rom t h e  
c y c l o p e n t a d i e n y l  r i n g s  t o  t i t a n i u m . -
i i i ) B o n d i n g  i n  C ppT i ( S R ) 2
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The s c h e me  p r o p o s e d  by  B a l l h a u s e n  and Dahl  f o r  
b o n d i n g  i n  CP2 M0H2 and r e l a t e d  c o m p l e x e s ,  c o n s i s t s  o f  
f o r m i n g  9 h y b r i d  o r b i t a l s  f rom t h e  ( n - l ) d ,  n s , and np  
m e t a l  o r b i t a l s .  Of t h e s e  h y b r i d  o r b i t a l s ,  3 p o i n t  t o wa rd s  
e a c h  o f  t h e  c y c l  o p e n t a d i e n y l  r i n g s  and 3 't^ l e  p l a a e
b i s e c t i n g  t h e  a n g l e  f or me d  by t h e  i n t e r s e c t i o n  o f  t he  
p l a n e s  o f  t h e  two r i n g s .
F i g u r e  1 * 5  H y p o t h e t i c a l  CpgM I 2 c o m p l e x .
The a n g l  e oC ( F i g u r e  1 . 3 ) >  a c c o r d i n g  t o  B a l l h a u s e n  and  
D a h l ' s  s cheme,  s h o u l d  l i e  b e t w e e n  1 3 5 °  a n h 1 8 0 ° ,  a n d 5^ s h o u l
Cm  ^ 57
he  1 5 0  ( a p p r o x . ; .  I n  t h e  c o m p l e x  CpgMoHg i s  f o u n d  t o
G
be 1 4 6  , w h i c h  i s  w i t h i n  t h e  p r e d i c t e d  l i m i t s .
I n  t h e  molybdenum c o m p l e x e s ,  t he  a b o v e  t h e o r y  p r e d i c t s  
t h a t  t h e  l o n e  p a i r  o f  molybdenum e l e c t r o n s  s h o u l d  b i s e c t  
a n g l e  ^  and  l i e  i n  t h e  ML2 p l a n e ,  g i v i n g  h i g h  e l e c t r o n  
d e n s i t y  b e t w e e n  t h e  two L g r o u p s .
By c o n s i d e r i n g  s t r u c t u r a l  d a t a  f o r  s i m i l a r  c o m p l e x e s
o s 5 S
)
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i t  h a s  b e e n  a r g u e d  t h a t  Z3 i s  t o o  s m a l l  t o  p e r m i t
t h e  p r e s e n c e  o f  a l o c a l i s e d  l o n e  p a i r  b e t w e e n  t h e  two 
s u l p h u r  a to ms  i n  ( a )  or b e t w e e n  t h e  s u l p h u r  and n i t r o g e n  
a to ms  i n  ( b ) .  ( S e e  P r e v i o u s  p a g e ) .
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An a l t e r n a t i v e  b o n d i n g  s c h e m e ,  s i m i l a r  t o  t h a t  p r o p o s e d
f o r  Cp(MeC^H^)ReMe2 , a l l o w i n g  more d e l o c a l i s a t i o n  o f  t h e
l o n e  p a i r  and l e s s  s e v e r e  r e s t r i c t i o n s  on t h e  v a l u e s  o f
53
<*. and f t ,  h a s  t h e r e f o r e  b e e n  s u g g e s t e d  f o r  t h e  a b o v e  
c o m p l e x e s  .
I n  t h e  c o m p l e x e s  Cp2 T i ( S R ) 2 , t h e  o r b i t a l  a n a l o g o u s  t o
t h a t  w h i c h  c o n t a i n s  t h e  l o n e  p a i r  i n  CP2M0L2 , i s  empty
s i n c e  t h e  t i t a n i u m  c o m p l e x e s  a r e  o n l y  16 e l e c t r o n  s y s t e m s .
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The m o l e c u l a r  s t r u c t u r e  o f  t he  c o m p l e x  Cp2 TiS^ shows  
tha  t  A. *  1 35 . o v a n d =■ 94  • 6°  . S i n c e ,  i n  t h i s  c o m p l e x ,  
oCand a r e  o u t s i d e  t h e  l i m i t s  p r e d i c t e d  by B a l l h a u s e n  and  
D a h l ' s  t h e o r y ,  t h e  v a c a n t  o r b i t a l  on t i t a n i u m  may w e l l  
be  d e l o c a l i s e d  i n  a manner s i m i l a r  t o  t h e  p r o b a b l e  
d e l o c a l i s a t i o n  o f  t h e  l o n e  p a i r  on molybdenum i n  Cp2MoL2 »
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CHAPTER 2
H e t e r o d i n u c l e a r  C o m p l e x e s .
I n  t h i s  c h a p t e r  t h e  p r e p a r a t i o n  and p r o p e r t i e s  o f  t h e  
c o m p l e x e s  b i s —f f - c y c l o p e n t a d i e n y l  t i t a n i u m  d i - y u - o r g a n o t h i o  
t e t r a c a r b o n y l s  o f  Group V I ,  Cp^Ti (CO) , I ,  (R =  Me,Ph
M’=. Cr,Mo,7/ )  and c h e l a t i n g  d i p h o s p h i n e  or d i a r s i n e
I I  I Ip a l l a d i u m  or  p l a t i n u m  d i - yu_ - o r g a no t h i o  t e t r a c a r b o n y l s
o f  Group V I ,  (L-L)' . !  [s h] 2H‘ (CO)^,  I I ,  ( L - L = l , 2  b i s -
d i p h e n y l p h o s p h i n o  e t h a n e ,  O - p h e n y l e n e  b i s - d i e t h y l a r s i n e ;
M = P d , P t ;  R ■= Me , Ph ; M' =• C r , Mo ,77) w i l l  be  d i s c u s s e d .  The
i n f r a - r e d ,  ^ H n . m . r . ,  and u . v . / v i s i b l e  s p e c t r a  o f  c o m p l e x e s
I  and I I  w i l l  be  c ompar e d  and c o n t r a s t e d  w i t h  s i m i l a r  d a t a
f o r  t h e  " t r a n s i t i o n  m e t a l  c o n t a i n i n g  l i g a n d s " ,
( S e e  C h a p t e r  l ) ,  and t h o s e  o f  t h e  m o n o n u c l e a r  c o m p l e x e s
RSCHgCHgSRM1 ( C 0 ) 4 , H I .  ( R =  Me , Ph ; M* =  C r , M o , w ) .
The s t r u c t u r e s  and b o n d i n g  s y s t e m s  i n  I  and I I  w i l l
be  c o n s i d e r e d  i n  t h e  l i g h t  o f  t h e  known s t r u c t u r e  o f  
r  62  
Cp2 Ti[j3Me J 2 : : o ( C0 ) 4 .
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As t h e  p r e p a r a t i o n s  o f  I  and I I  a r e  s i m i l a r ,  t h e y  c a n  
be t r e a t e d  t o g e t h e r ,  b u t  t he  p r o p e r t i e s  o f  I  and I I  a r e  
v e r y  d i f f e r e n t  and w i l l ,  t h e r e f o r e ,  be  d i s c u s s e d  
s e p a r a t e l y .
1 ) P r e p a r a t i o n  o f  t h e  C ompl e x e s  C Vq Ti. j^ShJ 2-'-f ( C 0 )  4 ( i )  ,
(.It- L ) : ^ S R l 2 !.;’ (CO)t ( I I ) .
As c a n  be  s e e n  f rom t h e  E x p e r i m e n t a l  ( S e c t i o n s  7 and 8 
c o m p l e x e s  I  and I I  w e r e  p r e p a r e d  by l i g a n d  r e p l a c e m e n t  
r e a c t i o n s  i n  w h i c h  t h e  " t r a n s i t i o n  m e t a l  c o n t a i n i n g  l i g a n d s  
C p g T i C S R ^  a <^i (L-L ) m( SR)^ j  w e r e  r e a c t e d  a t  room 
t e m p e r a t u r e  w i t h  n o r b o r n a d i e n e - H 1 ( CO) /j > C o - o r d i n a t e d  
n o r b o r n a d i e n e  h a s  t h e  p r o p e r t y ,  n e c e s s a r y  i n  l i g a n d  
r e p l a c e m e n t  r e a c t i o n s ,  o f  b e i n g  e a s i l y  r e p l a c e d .  An 
e x a c t l y  a n a l o g o u s  r e a c t i o n  h a s  r e c e n t l y  b e e n  u s e d  t o
p r e p a r e  IieSeCH2 CIi2 SeMeCr( C 0 ) 4 f rom MeSeCHgCH^SeMe and
/ \ 6 3n o r b o r n a d i e n e -Cr(  C 09/^
R e p l a c e m e n t  o f  n o r b o r n a d i e n e  h a s  t h e  a d v a n t a g e  t h a t  
v e r y  m i l d  r e a c t i o n  c o n d i t i o n s  c a n  be  u s e d  and h i g h  y i e l d s  
o f  t h e  p r o d u c t s ,  w i t h o u t  much d e c o m p o s i t i o n ,  w e r e  o b t a i n e d  
f o r  m o s t  o f  t h e  r e a c t i o n s  a t t e m p t e d .  The e a s e  o f  
r e p l a c e m e n t  o f . n o r b o r n a d i e n e  f rom n o r b o r n a d i e n e-M*(CO)  
was f o u n d  t o  d e c r e a s e  i n  t h e  o r d e r  I.to >  7 / C r , and h e n c e
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r e a c t i o n  t i m e s  r e q u i r e d  w e r e  l e a s t  f o r  Mf — Mo and  
g r e a t e s t  f o r  M,=s Cr.  The r e a c t i o n  b e t w e e n  Cp2 T i ( S P h ) 2
p r o d u c t ,  and on h e a t i n g ,  o n l y  d e c o m p o s i t i o n  p r o d u c t s  w e r e  
o b t a i n e d .  I t  was  f o u n d ,  i n  g e n e r a l , t h a t  r e a c t i o n s  i n  
w h i c h  R =■ Me w e r e  f a s t e r  t h a n  t h o s e  i n  w h i c h  R =r P h , f o r  a 
g i v e n  Group VI m e t a l .
R e a c t i o n s  o f  t h e  r a t h e r  i n s o l u b l e  PhgPCI^CB^PPhgl^ S P h ) 2 
( M * P d , P t )  w i t h  n o r b o r n a d i e n e - I ! 1 ( C 0 ) ^  (Mlm C r , w )  y i e l d e d  
no d i n u c l e a r  p r o d u c t s .  On t h e  o t h e r  h a n d ,  a l t h o u g h  t he  
r e a c t i o n s  o f  C^H4 ( A s E t 2 S R) 2 w i t h  n o r b o r n a d i e n e -M*( C0)  
(Mf = C r , w )  w e n t  r a p i d l y ,  t h e  p r o d u c t s  d e c o m p o s e d ,  as  t h e y  
w e r e  s l i g h t l y  s o l u b l e  i n  t o l u e n e ,  w h i c h  was u s e d  as  
s o l v e n t  f o r  a l l  p r e p a r a t i o n s  o f  c o m p l e x e s  I  and I I .
A n o t h e r  way r o un d  t h e  p r o b l e m  o f  p r e p a r i n g  f a i r l y  
l a b i l e  c o m p l e x e s  o f  t h i s  t y p e ,  by  l i g a n d  r e p l a c e m e n t  
r e a c t i o n s ,  i s  t o  r e a c t  t h e  l i g a n d  w i t h  t h e  Group VI h e x a -  
c a r b o n y l  i n  u l t r a - v i o l e t  l i g h t .  T h i s  p r o c e e d u r e  h a s  b e e n
w h i c h  w o u l d  c o - o r d i n a t e  o n t o  t h e  Group VI m e t a l  t h r o u g h  t h e
a c e t y l e n i c  g r o u p s  a s  h a s  b e e n  o b s e r v e d  e l s e w h e r e  w i t h
98 99pure a c e t y l e n e s  a n i  v i n y l  s i l a n e s ,  b u t ,  a s  was  o b s e r v e d  i n
and n o r b  o r n a d i e n e -C r ( C 0) A g a v e  none o f  t h e  d e s i r e d
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u s e d  t o  p r e p a r e  one o f  t h e  c o m p l e x e s ,
w h i c h  w i l l  be  d i s c u s s e d  i n  t h i s  chapter .
I t  had  b e e n  h o p e d  t o  u s e  Cp2 T i ( c = C P h ) 2 a s  a l i g a n d
C h a p t e r  I ,  Cp T i ( C = C P h ) 2 was  n o t  o b t a i n e d ,  i n  a pure  s t a t e .
2)  P r o p e r t i e s  o f  b i s  - f f - c y c l  o p e n t a d i e n y l  t i  t a n i u m  d i - / i -  
o r g a n o t h i o  t e t r a c a r b o n . y l s  o f  Group V I ,
Cp2 Ti[^SRj qM» ( C 0 )   ^ , I ,  ( R -  Me , Ph ; M» C r , Mo , >7)
The i n f r a - r e d  c a r b o n y l  s t r e t c h i n g  f r e q u e n c i e s  and  
s t r e t c h i n g  p a r a m e t e r s ,  ^ H n . m . r .  d a t a ,  and t r a n s i t i o n s  
o b s e r v e d  i n  t h e  e l e c t r o n i c  s p e c t r a  ( 1 4 , 0 0 0 - 3 0  j 000cm • “ ) 
o f  t h e  c o m p l e x e s  Cp2 Tij^SRj2M ' (CO)^,  I ,  a r e  l i s t e d  i n  
T a b l e  2 * 1 ,  t o g e t h e r  w i t h  s i m i l a r  d a t a  f o r  t h e  m o n o n u c l e a r  
c o m p l e x e s  RSCI^CI^SRM1 ( C O ) ^ , I I I ,  and Cp2T i ( S R ) 2 * The 
i n f r a - r e d  c a r b o n y l  s t r e t c h i n g  f r e q u e n c i e s  and s t r e t c h i n g
64
p a r a m e t e r s  o f  t h e  c o m p l e x e s  c i  s -  ( A s E t   ^) 0 Mo ( C 0 )  ^ ,
C6H4 ( AsMe^) 2 Mo( C O ) ^ ^  , and Me2 S i £ a s E t 2J 2Mo( C0 ) ^  a r e  a l s o  
i n c l u d e d  f o r  c o m p a r i s o n .
The s t r e t c h i n g  p a r a m e t e r s  ( a v e r a g e  f o r c e  c o n s t a n t s )
l i s t e d  i n  T a b l e  2 . 1 ,  and e l s e w h e r e  t h r o u g h o u t  t h i s  c h a p t e r
66
a r e  g i v e n  by t h e  e x p r e s s i o n
m . D . / A .
i  — — /  i £ - ^ i
whe re  t h e  s u m m a t i o n  r u n s  o v e r  a l l  CO s t r e t c h i n g  modes i  o f
•TABLfl 2*1
T a bl e  2 . 1  C o mp l e x es  I ,  C p, ,Ti IjSRj^M'( C 0)  
and r e l a t e d  c o m p l e x e s .
E l e c t r o n i c  S p e c t r a .P r o t o n  n.  m . r .  S p e c t r aI n f r a - r e d  S p e c t r a .
R e s o l v e d  L o we s t  
En e r g y  Peak
50 C20 C Hi gh  Energy  
S h o u l d e r  [ cm.  ) 
V i s u a l  E s t i m a t e
V(CSO) ( cm7 )
CHC1 S o l n . - f S-CHS-CHS-CHAk1 (cm.  ) ( l o g  ^
R = Me, "'M* «  Cr 2 0 0 0 , 1 9 0 8 , 
.1892. 4 .  8 6 ( b r ) 7.557.557 . 5 5
2 4 8 0 0  ( 5 . 5 4 )  
16900  .
18900R -  Me, M ' - M o 1 5 . 8 0 0 . 7 5
4 . 8 0 ( b r ) * 7 . 4 37 . 5 0
1 9 1 002 0 7 0 , 2 0 1 0 ,
1 9 1 0 , 1 8 9 0 .
R =  Me , M‘ =  W 1 5 .  69 0 . 7 2
7 . 4 57 . 4 2
0 0 ( s )
19100R =  P h , M* -= Mo 2 0 1 8 ,  1 9 5 0 ,  
1 9 1 2 ,  1 8 9 9 .
0 . 1 6
19000R=-Ph,  W 2 0 1 7 ,  1 9 1 9 ,  
1 9 0 0 , 1 8 8 8 .
0 . 1 7
MeSCH CH-SMeCr ( C 0) 2 0 2 0 , 1 9 1 4 ,  
1 8 9 8 ,  1 8 6 9 .
MeSCH-CH0SMeMo(CO)
2 7 0 0 0  ( 5 . 5 0 )MeSCH9CH9 SMeW(CO) 2 0 2 5 ,  1 9 1 0 ,  
1 8 9 7 ,  1 8 6 7 .
2 0 2 7 ,  19 05 ( b r ) 
1 8 7 0 .
1 4 . 9 7
PhSCH2CH2 SPhMo(C0)
1 4 . 9 9
4 .1 6  ( s ) 7 .4 37 . 4 0
26000
1 8 6 0 0
c i s - ( A s E t - . )  2Mo(C0)
C.H (AsMeQ) 9Mo(C0 ) 2 0 2 6 ,  19 38 
1 9 2 3 ,  1914
1 5 .  37
a.  I n f r a - r e d  s p e c t r u m  f rom r e f . 7 0.
b.  S p e c t ru m from r e f . 6 4 . ( n - h e x a d e c a n e ) .
c .  S p e c t ru m from r e f . 9 .  (C ycd. o he x a n e  ) .
d.  S p e c t ru m from r e f . 6 5 . ( N u j o l  M u l l ) .
e .  H i g h e s t  e n e r g y  peak 5 ~ 1 0  t i m e s  w e a k e r  t h a n  
o t h e r s .  H i g h e s t  e n e r g y  peak n o t  o b s e r v e d  
i n  Cp2T i [ s M e J 2C r ( C 0 ) 4 . ( S e e  F i g u r e  2 . 3 )
f .  See  t e x t .
g . A k at k —k
Cp2 T i [ S R j 2M! ( C 0 ) 4 RSCH2CH2 SRM' ( C 0 ) 4 .
( b r = .  broad p e a k ) .
h.  I n  C h l o r o b e n z e n e , e x c e p t  whe re  o t h e r w i s e  
s t a t e d ,  ( i )  , ^ v a l u e s  r e l a t i v e  t o  i n t e r n a l  
T.M.S.  a t  1 0 . 0 * .
i .  I n  CDC1 s o l u t i o n .  P r o t o n  r e s o n a n c e  o f
3
H jCSOHgCHgSCKj (unc  o mpl exed)  i s  a t  7 • 85*£ 
i n  CDC 1 ^. ( r e f  . 7 0 )  .
( s c  s i n g l e t ,  br ■= b r o a d  p e a k ) .
j .  I n  CHCl^ s o l u t i o n ,  
k.  S e e  t e x t .
1 .  S e e  t e x t  and F i g u r e  2 . 1 .
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wavenumber  ( c m .  o f  t h e  m o d e ) .  The de t o r m i n a  t i o n
o f  k i n v o l v e s  n e g l e c t  o f  a n h a r m o n i c i t y , and o f  c o u p l i n g
o f  CO modes  w i t h  o t h e r  modes ,  b u t  i s  i n d e p e n d e n t  o f  t h e
f or m a s s u m e d  by t he  CO-CO i n t e r a c t i o n  f o r c e  f i e l d .  H e r e ,
 ^T
i n  t h e  n o t a t i o n  o f  C o t t o n  and X r a i h a n z e l  , k =  (k^-t- / ' I
The d a t a  g i v e n  i n  T a b l e  2 . 1 ,  t o g e t h e r  w i t h  t h e  
a n a l y t i c a l  f i g u r e s  o f  c o m p l e x e s  I ,  s u g g e s t  a s t r u c t u r e  
s u c h  a s  l a  w h i c h  c a n  be  c o mp a r e d  w i t h  t h e  p r o b a b l e  
s t r u c t u r e  o f  c o m p l e x e s  I I I ,  I I I .
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l a  I I I
a ) I n f r a - r e d  D a t a .
33I t  h a s  b e e n  shown t h a t  t h e  e l e c t r o n  demand o f  t h e  
s u b t i t u e n t  i n  a s u b s t i t u t e d  m e t a l  c a r b o n y l ,  h a s  a d i r e c t  
e f f e c t  on t h e  i n f r a - r e d  c a r b o n y l  s t r e t c h i n g  f r e q u e n c i e s .
A s u b s t i t u e n t  w h i c h  w a n t s  a l o t  o f  e l e c t r o n  d e n s i t y  
a r o u n d  i t  w i l l  t e n d  t o  p u l l  e l e c t r o n s  o u t  o f  t h e  tp o r b i t a l s  
on t h e  m e t a l .  S i n c e  t h e s e  e l e c t r o n s  w o u l d  o t h e r w i s e  be  
u s e d  f o r  dtf-pTf m e t a l  t o  c a r b o n  b a c k b o n d i n g ,  t h e  m e t a l - c a r b o n  
b o nds  a r e  w e a k e n e d  and t h e  c a r b o n - o x y g e n  bonds  a r e
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s t r e n g t h e n e d ,  t h e r e b y  r a i s i n g  t h e  c a r b o n y l  s t r e t c h i n g  
f r e q u e n c i e s .  A s u b s t i t u e n t  w h i c h  d o e s  n o t  r e q u i r e  much 
e l e c t r o n  d e n s i t y  a r o u n d  i t  w i l l  n o t  e x e r t  s u c h  a p u l l  on 
t h e  t 2g  e l e c t r o n s ,  t h u s  a l l o w i n g  more b a c k b o n d i n g  t o  t a k e  
p l a c e ,  w h i c h  s t r e n g t h e n s  t h e  m e t a l - c a r b o n  bond and  w e a k e n s  
t h e  c a r b o n - o x y g e n  b o nd  c a u s i n g  t h e  c a r b o n y l  s t r e t c h i n g  
f r e q u e n c i e s  t o  be  l o w e r e d .
The d e s i r e  o f  s u b s t i t u e n t s  t o  be s u r r o u n d e d  by  
h i g h  or  l o w  e l e c t r o n  d e n s i t y  w i l l  a p p r o x i m a t e  t o  t h e  
e l e c t r o n e g a t i v i t i e s  o f  t h e  s u b s t i t u e n t s ,  b u t  t h e  a c t u a l  
e l e c t r o n e g a t i v i t i e s  o f  t h e  f r e e  l i g a n d s  w i l l  be  m o d i f i e d  
by  t h e  p r o x i m i t y  o f  t h e  m e t a l  t o  w h i c h  t h e  l i g a n d  i s  
c o - o r d i n a t e d  a s ,  i n  m o s t  c a s e s ,  t h e  l i g a n d  h a s  t o  d o n a t e  
e l e c t r o n s  t o ,  and a c c e p t  e l e c t r o n s  f ro m t h e  m e t a l .  The 
a b i l i t y  o f  a s u b s t i t u e n t  t o  d o n a t e  and a c c e p t  e l e c t r o n s  
w i l l  b e  d e p e n d e n t  on t h e  o r b i t a l s  w h i c h  a r e  a v a i l a b l e ,  
and some l i g a n d s  w i l l  be  b e t t e r  e q u i p p e d  i n  t h i s  r e s p e c t ,  
t h a n  o t h e r s .  Th us ,  a l t h o u g h  e l e c t r o n e g a t i v i t i e s  w i l l  be  
u s e d  i n  t h e  f o l l o w i n g  a r g u m e n t ,  t h e  c o n c l u s i o n s  r e a c h e d  
w i l l  o n l y  a p p r o x i m a t e  t o  t h e  c o r r e c t  o n e s .
Prom T a b l e  2 . 1 ,  i t  c a n  be  s e e n  t h a t  t h e  c a r b o n y l  
s t r e t c h i n g  f r e q u e n c i e s  and s t r e t c h i n g  p a r a m e t e r s  o f  
Me2 S i  c 4 a r e  l ° T/er t h a n  t h o s e  o f
c i  s -  ( A s S t  _ ) _I.!o( C 0)^ and ( A sMe^ ) 2^ ° (   ^ • I n t r o d u c t i o n  o f
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s i l i c o n  ( e l e c t r o n e g a t i v i t y  1 * 7 4 )  i n  p l a c e  o f  c a r b o n  
( e l e c t r o n e g a t i v i t y  2 . 5 0 ) ( e l e c t r o n e g a t i v i t i e s  a r e  t h o s e  
g i v e n  by t h e  A l l r e d - R o c h o w  f o r m u l a ^ 8 9^ ) h a s  t h e r e f o r e  
had  t h e  p r e d i c t e d  e f f e c t  o f  l o w e r i n g  t h e  c a r b o n y l  s t r e t c h i n g  
f r e q u e n c i e s  and s t r e t c h i n g  p a r a m e t e r s .
A l t h o u g h  no s i m i l a r  d a t a  a r e  a v a i l a b l e  f o r  c h e l a t i n g  
d i s u l p h i d e s ,  on g e n e r a l  g r o u n d s  i t  m i g h t  h a v e  b e e n  t h o u g h t  
t h a t  c o m p l e x e s  I  v /ould h a v e  l o w e r  c a r b o n y l  s t r e t c h i n g  
f r e q u e n c i e s  and s t r e t c h i n g  p a r a m e t e r s  t h a n  c o m p l e x e s  I I I  
s i n c e  t h e  e l e c t r o n e g a t i v i t y  o f  t i t a n i u m  i s  o n l y  I . 3 2 . 
H o w e v e r ,  i n s p e c t i o n  o f  T a b l e  2*1 shows  e x a c t l y  t h e  o p p o s i t e  
e f f e c t :  t h e  c a r b o n y l  s t r e t c h i n g  f r e q u e n c i e s  and  p a r a m e t e r s  
a r e  h i g h e r  i n  I  t h a n  i n  I I I .
E l e c t r o n e g a t i v i t y  d i f f e r e n c e s  c a n n o t  be  t h e  o n l y  f a c t o r  
i n v o l v e d  s i n c e  t h i s  r e s u l t  r e q u i r e s  t h a t  t h e  e l e c t r o n  
d e n s i t y  on M1 i n  I  i s  l o w e r  t h a n  on M* i n  I I I .  T h i s  c a n  
o n l y  b e  a c h i e v e d  b y  d o n a t i o n  o f  e l e c t r o n s  f r o m  M1 t o  
t i t a n i u m  a s  s hown  i n  l b .
R
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b ) ^H n . m . r  . Dat a  .
The ^ H n . m . r .  s p e c t r a  o f  c o m p l e x e s  I show 3 m a in  e f f e c t s
i )  The c y c l o p e n t a d i e n y l  p r o t o n  r e s o n a n c e s  a r e  a t  h i g h e r  
f i e l d  i n  I  t h a n  i n  Cp2 T i ( S R ) 2 »
i i )  The S - m e t h y l  p r o t o n  r e s o n a n c e s  a r e  a t  h i g h e r  f i e l d  
i n  I  ( R = M e )  t h a n  i n  Cp2 T i ( S M e ) 2 . ( T h i s  e f f e c t  i s  
s m a l l  t h o u g h  m e a s u r a b l e  f o r  Mf= C r , M o ,  b u t  b a r e l y  
s i g n i f i c a n t  f o r  M’= w ) .
i i i )  I n  I  ( R — Me) 3 s e p a r a t e  p e a ks  a r e  o b s e r v e d  f o r  t h e
c y c l o p e n t a d i e n y l  p r o t o n s .  A l t h o u g h  t h e  s i g n a l s  w e r e  
t o o  c l o s e  t o g e t h e r  t o  a l l o w  i n t e g r a t i o n ,  t h e  c y c l o -  
p e n t a d i e n y l  r e s o n a n c e s  a p p e a r  t o  show two p e a k s  o f  
e q u a l  i n t e n s i t y  w i t h  ano . ther  ( s m a l l e r )  p ea k  i n  b e t w e e n  
t h e s e .
I f  t h e  c h e m i c a l  s h i f t  i s  t a k e n  as  a m e a s u r e  o f  
e l e c t r o n  d e n s i t y  a r o u n d  t h e  c y c l o p e n t a d i e n y l  and S - m e t h y l  
p r o t o n s  i n  Cp2 T i ( S M e ) 2 > one  m i g h t  h a v e  e x p e c t e d  t h a t  b o t h  
t h e s e  r e s o n a n c e s  w o u l d  be  s h i f t e d  t o  l o w e r  f i e l d  on  
f o r m a t i o n  o f  c o m p l e x e s  I  s i n c e  one  o f  t h e  l o n e  p a i r s ,  
i n i t i a l l y  l o c a l i s e d  on s u l p h u r ,  i s  n o w ' u s e d  t o  f or m  a 
S— bond.
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A d o w n f i e l ' d  s h i f t  h a s  b e e n  o b s e r v e d  i n  t h e  l i g a n d  
m e t h y l  r e s o n a n c e s  on f o r m a t i o n  o f  I I I  ( R = M e )  a s  c o m p a r e d
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w i t h  t h e  f r e e  l i g a n d .  The s m a l l n e s s  o f  t h i s  s h i f t  
p r o b a b l y  a r i s e s  f rom t h e  e f f e c t  n o t e d  i n  t h e  p r e v i o u s  
p a r a g r a p h  and b a c k b o n d i n g  from LI' t o  s u l p h u r  a l m o s t  
c a n c e l l i n g  e a c h  o t h e r  o u t .  Such b a c k b o n d i n g  w o u l d  be  
s m a l l e r ,  and  t h e  c o r r e s p o n d i n g  a o w n f i e l d  s h i f t  l a r g e r  
i n  I  t h a n  i n  I I I , s i n c e  t h e  T i - S  bon ds  w i l l  be  p o l a r i s e d  
more  i n  t h e  s e n s e  T i - S  t h a n  t h e  C-S b o n d s .
The e f f e c t s  ( i )  and ( i i )  n o t e d  a b o ve  show t h a t  s i m p l e  
s u l  phur ( f - d o n a  t  i o n  t o  M* c a n n o t  be  t h e  o n l y  f a c t o r  i n v o l v e d ,  
and  M1—>Ti d o n a t i o n ,  a s  i n  l b ,  mus t  a g a i n  be  c o n s i d e r e d .
F o r  R =  Me, t h e  d i f f e r e n c e s  i n  s t r e t c h i n g  p a r a m e t e r s  
b e t w e e n  I  and  I I I  a r e  g r e a t e r  t h a n  f o r  R = P h .  T h i s  w o u l d  
a p p e a r  t o  i n d i c a t e  g r e a t e r  M*—^Ti d o n a t i o n  i n  I  when  
R =  Me t h a n  whe n  R = P h .  H o w ev e r ,  t he  u p f i e l d  s h i f t  o f  t h e  
c y c l o p e n t a d i e n y l  p r o t o n  r e s o n a n c e  on g o i n g  f rom Cp2 T i ( S R ) 2  
t o  c o m p l e x e s  I  i s  t h e  same f o r  R = M e  and f o r  R = P h .  T h i s  
w o u l d  s e e m  t o  i n d i c a t e  e q u a l  d e g r e e s  o f  M*—>Ti d o n a t i o n  
i n  t h e s e  two c a s e s .  T h e s e  d i f f e r i n g  r e s u l t s  c o u l d  be  
r a t i o n a l i s e d  i n  t er ms  o f  d i f f e r i n g  S ( R ) —>M' CT^-donat ion,  
t h o u g h  c o m p a r i s o n  o f  I I I  (R =  Me) w i t h  I I I  ( R = F h )  g i v e s  
no s u p p o r t  f o r  t h i s  s u g g e s t i o n .  A 1 t e r n a t i v e l y , t h e r e  may 
be  d i f f e r e n t  s o l v e n t  e f f e c t s  on t h e  ^ H n . m . r .  s p e c t r a  o f  
Cp2 T i ( S R )2 on c o m p l e x  f o r m a t i o n .
The s p l i t t i n g  o f  t h e  c y c l o p e n t a d i e n y l  p r o t o n  r e s o n a n c e
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s i g n a l  i n  c o m p l e x e s  I may be  e x p l a i n e d  i n  t er ms  o f  
g e o m e t r i c a l  i s o m e r i s m .  ( S e e  ( d ) ,  S t r u c t u r e  and B o n d i n g ,  
b e l  ow) .
c ) E l e c  t r o n i c  Da t a .
Th e r e  i s  a marked c o l o u r  c h a n g e  on c o n v e r s i o n  o f  
Cp^TiCSRjg ( p u r p l e )  t o  c o m p l e x e s  I ( b l u e ,  or f o r  If* r  Cr ,  
g r e e n ) ,  and t h i s  c o l o u r  c h a n g e  c a n n o t  s i m p l y  be  a s s i g n e d  
t o  a n  L2M! ( C 0 ) ^  c h r o m o p h o r e  s i n c e  c o m p l e x e s  I I I  a r e  y e l l o w .
I n  o r d e r  t o  q u a n t i f y  t h i s  o b s e r v a t i o n ,  t h e  u . v . / v i s i b l e  
a b s o r p t i o n  s p e c t r a  ( c h l o r o f o r m  s o l u t i o n )  o f  c o m p l e x e s  I ,
I I I ,  and Cp2 T i ( S R ) 2  w e r e  r e c o r d e d .  D i f f u s e  r e f l e c t a n c e  
s p e c t r a  w e r e  a l s o  r e c o r d e d  and a r e  v e r y  s i m i l a r  t o  t h e  
s o l u t i o n  s p e c t r a .  The two s t r o n g  b a n ds  o b s e r v e d  i n  Cp2 T i ( S R ) 2  
( i n  t h e  r a n g e  1 4 >0 0 0 - 3 0 *0 0 0 cm.  ~ )  h a v e  a l r e a d y  b e e n  a s s i g n e d  
t o  l i g a n d — * t i t a n i u m  c h a r g e  t r a n s f e r .  ( S e e  C h a p t e r  l ) .
The m o s t  marked d i f f e r e n c e  b e t w e e n  t h e  s p e c t r a  o f  
Cp2 T i ( S R )2 and t h o s e  o f  c o m p l e x e s  I i s  a s h i f t  t o  l o w e r  
e n e r g y  o f  b o t h  b a n ds  a c c o m p a n i e d  by  an  a p p a r e n t  b r o a d e n i n g ,  
i n c i p i e n t  s p l i t t i n g ,  and an i n c r e a s e  i n  i n t e n s i t y  o f  t h e  
l o w e r  e n e r g y  b a n d .  The l o w  e n e r g y  f e a t u r e  o f  c o m p l e x e s  I  
s e e m s  t o  c o n t a i n  a t  l e a s t  2 s e p a r a t e  a b s o r p t i o n s .
G r a p h i c a l  a n a l y s i s  o f  t h i s  f e a t u r e  ( b y  " m i r r o r  i m a g i n g "
t h e  l o n g  wav e l  eng  th  t a i l  o f  t h e  more i n t e n s e  l ow energy-  
c o m p o n e n t )  g a v e  a h i g h  e n e r g y  c o m po n e n t  i n  a v e r y  s i m i l a r  
p o s i t i o n  ( a p p r o x .  1 8 , 0 0 0 c m .  ~ )  t o  t h a t  a l r e a d y  a s s i g n e d  t o  
a n  S —  ^Ti  c h a r g e  t r a n s f e r  band i n  Cp2 T i ( S R ) 2 . ( C h a p t e r  1)
I t  i s  i n f e r r e d  t h a t  t h i s  h i g h  e n e r g y  c o m p o n e n t  i s  t h e  
o r i g i n a l  S— >Ti  c h a r g e  t r a n s f e r  band o f  Cp2 T i ( S R ) 2 , 
v i r t u a l l y  u n c h a n g e d  a f t e r  c o m p l e x a t i o n .
The l o w  e n e r g y  c o m p o n e n t  was  a n a l y s e d  more  
q u a n t i t a t i v e l y  by s u b t r a c t i n g  f rom t h e  o b s e r v e d  s p e c t r a  
o f  c o m p l e x e s  I ,  t h e  a b s o r p t i o n ,  c o r r e c t e d  f o r  c o n c e n t r a t i o n ,  
a s s i g n a b l e  t o  t h e  Cp2 T i ( S R ) 2 c h r o m o p h o r e  a l o n e .  T h i s  
p r o c e e d u r e  s e e m s  t o  h a v e  b e e n  r e m a r k a b l y  s u c c e s s f u l  i n  
v i e w  o f  t h e  c r u d i t y  o f  t h e  a s s u m p t i o n s  i n v o l v e d ;  a t y p i c a l  
a n a l y s i s  i s  s hown i n  F i g u r e  2 . 1 .  The p o s i t i o n s  and  
e x t i n c t i o n  c o e f f i c i e n t s  o f  t h e  b an ds  o b t a i n e d  i n  t h i s  
manner  a r e  l i s t e d  i n  T a b l e  2 . 1  u n d e r  t h e  h e a d i n g  " R e s o l v e d  
l o w e s t  e n e r g y  p ea k " .
T h i s  new band i n  c o m p l e x e s  I  i s  n o t  p r e s e n t  i n  e i t h e r  
o f  t h e  c h r o m o p h o r e s  Cp2 T i ( S R ) 2 or  I^M* (CO)^ ( c o m p l e x e s  I I I  
show o n l y  one  band w h i c h  c a n  be  a s s i g n e d  t o  c h a r g e  t r a n s f e r  
f rom s u l p h u r  t o  M*)» The new band i s  n o t  t h o u g h t  t o  be  a 
weak band o f  e i t h e r  i s o l a t e d  c h r o m o p h o r e  w h i c h  g a i n s  i n  
i n t e n s i t y  on f o r m a t i o n  o f  c o m p l e x e s  I  f o r  2 r e a s o n s .
F i r s t l y ,  t h e  bands  a r e  e x t r e m e l y  i n t e n s e  and s e c o n d l y ,
F i g u r e  2 , 1
Abs .
A
600 6 5 04 5 0 500
J 1 i_____ i «
22 21 20 19 18  17 . 16
O n . m .
cm.™^ 1 0 5
f Cp2T i  j s : : e J 2Mo( C 0 ) 4 .h— ■ I =* e x p e r i m e n t a l  s p e c t r u m  01
\ ........■! * s p e c t r u m  o f  Cp^- i CSMe)^ c o r r e c t e d  f o r  c o n c e n t r a t i o n .
h - — I * c u r v e  o b t a i n e d  by s u b t r a c t i n g  s p e c t r u m  o f  C p ^ T i ( S Me ) 2 
f r o m  s p e c t r u m  o f  C P 2 - i  ^3Me j 2 -^0 ( 0 0 )  ^ .
39
t h e r e  i s  v i r t u a l l y  no l o s s  o f  symmetry  a r o un d  Ti  and M1 
on f o r m a t i o n  o f  c o m p l e x e s  I as  c o mp a r e d  w i t h  Cp2 T i ( S R ) 2 
and RSCH^CH^SRLI1 ( C O ) ^ . ( S e e  ( d) , S t r u c t u r e  and B o n d i n g ,  
bel  ow) .
The new band i s  t h e r e f o r e  a s s i g n e d  t o  a t r a n s i t i o n  
i n v o l v i n g  b o t h  o f  t h e  m e t a l  a t o m s .  I t  c o u l d  be r e g a r d e d  
a s  a c h a r g e  t r a n s f e r  band ( o r  p o s s i b l y ,  i n  t h e  f o r m a l i s m
o f  lb ,  a O' > c f or  O' t r a n s i t i o n ) .  The h i g h  i n t e n s i t y
o f  t h i s  band  i n d i c a t e s  t h a t  t h e  t r a n s i t i o n  moment  c a n  
be  a s s i g n e d  c o n s i d e r a b l e  1 - c e n t r e  c h a r a c t e r  and h e n c e  
o v e r l a p  or m i x i n g  o f  t h e  o r b i t a l s  on t h e  two m e t a l s  mu s t  
be  a p p r e c i a b l e .
A l t h o u g h  e l e c t r o n i c  s p e c t r a  c a n  n e v e r  g i v e  d i r e c t  
i n f o r m a t i o n  a b o u t  b o n d i n g  i n  t h e  g r o u n d  s t a t e ,  t h i s  r e s u l t  
i s  c o n s i s t e n t  w i t h  ( a n d ,  i f  no o t h e r  i n f o r m a t i o n  w e r e  
a v a i l a b l e ,  w o u l d  s u g g e s t )  c o n s i d e r a b l e  m e t a l - m e t a l  b o n d i n g .
A n o t h e r  p o i n t  a r i s i n g  f rom t h e  e l e c t r o n i c  s p e c t r a  o f  
c o m p l e x e s  I i s  t h a t  t h e  h i g h e r  e n e r g y  ba nd ,  a t  27 > 6 0 0 c m.  
i n  Cp2 T i ( S M e ) 2 and a t  2 6 , 0 0 0 c m .  1 i n  C p2 Ti (  SEh) 2 , h a s  
moved t o  l o w e r  e n e r g y  o n f o r m a t i o n  o f  c o m p l e x e s  I .  I f ,  
as  s u g g e s t e d  i n  C h a p t e r  1 ,  t h i s  band c a n  be a s s i g n e d  t o  
c h a r g e  t r a n s f e r  f rom t h e  c y c l o p e n t a d i e n y l  r i n g s  t o  t i t a n i u m ,  
i t  i s  p o s s i b l e  t o  a r g u e  t h s . t  s i n c e  t i t a n i u m  i s  now r e c e i v i n g  
e l e c t r o n s  f rom c h a r g e  t r a n s f e r  from t h e  r i n g s  to
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t i t a n i u m  s h o u l d  move t o  h i g h e r  e n e r g y .  On t h e  o t h e r  h a n d ,  
t h e  p r e s e n c e  o f  more  e l e c t r o n i c  c h a r g e  on t he  r i n g s ,  a s  
shown by t h e  u p f i e l d  s h i f t  o f  t h e  c y c l o p e n t a d i e n y l  p r o t o n  
r e s o n a n c e s  may make c h a r g e  t r a n s f e r  f rom t h e  r i n g s  t o  
t i t a n i u m  move t o  l o w e r  e n e r g y .  C o m p a r i s o n  o f  t h e  
f r e q u e n c i e s  a t  w h i c h  t he  c o r r e s p o n d i n g  c h a r g e  t r a n s f e r  
o c c u r s  i n  Cp2 T i C l 2 s n d  Cp2T i ( S R ) 2  s hows  them t o  be  v e r y  
s i m i l a r ,  ( S e e  T a b l e  1 - 5 )  a l t h o u g h  t h e  c y c l o p e n t a d i e n y l  
p r o t o n  r e s o n a n c e s  a r e  a t  l o w e r  f i e l d  i n  t h e  f o r m e r .  T h i s  
s u g g e s t s  t h a t  t h e r e  i s  no s i m p l e  r e l a t i o n s h i p  b e t w e e n  t h e  
c h e m i c a l  s h i f t s  o f  t h e  c y c l o p e n t a d i e n y l  p r o t o n s  and t h e  
e n e r g y  o f  c h a r g e  t r a n f e r  f r om t h e  r i n g s  t o  t i t a n i u m .  
S i m i l a r l y ,  i n  c o m p l e x e s  I ,  t h e r e  d o e s  n o t  s eem t o  be a ny  
c o r r e l a t i o n  b e t w e e n  t h e  c h a r g e  t r a n s f e r  f rom t h e  r i n g s  t o  
t i t a n i u m  and f r om M1 t o  t i t a n i u m .
d.) S t r u e  t u r e  and B o n d i n g  .
and Cp2 TiScj ( b )  a r e  shown i n  F i g u r e  2*2 and T a b l e  2 . 2  
l i s t s  some o f  t h e  c o r r e s p o n d i n g  bond l e n g t h s  and  a n g l e s .
The m a in  p o i n t  t h a t  e m e r g e s  f rom a c o m p a r i s o n  o f  A 
and B,  i s  t h a t  t h e  two b r i d g i n g  s u l p h u r  a t oms  i n  A a r e  
b e i n g  f o r c e d  a p a r t .  T h i s  w i d e n i n g  o f  t h e  S - T i - S  a n g l e  
l e a d s  t o  a c o n t r a c t i o n  o f  et  i n  A a s  co mpa r e d  w i t h  t h e
The m o l e c u l a r  s t r u c t u r e s  
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c o r r e s p o n d i n g  a n g l e  i n  B.  These  c o m p a r i s o n s  a dded  t o  t h e  
f a c t s  t h a t  t h e  S- IIo-S a n g l  e has  b e e n  o pened  up from a 
p r o b a b l e  9 0 °  i n  I I I  t o  9 4 * 6  i n  A and t h a t  t h e  T i - S - Mo  
a n g l e  i n  A i s  o n l y  8 9 ° as  co mpa r e d  w i t h  1 0 7 °  f o r  t he  
T i - S 2_ - S 2 a n g l e  i n  B,  s u g g e s t  t h a t  t h e  m e t a l  a toms  a r e  
t r y i n g  t o  g e t  a s  c l o s e  t o g e t h e r  a s  p o s s i b l e .
A l l  t h e  b r i d g e d  d i n u c l e a r  t r a n s i t i o n  m e t a l  c o m p l e x e s  
r e q u i r i n g  m e t a l - m e t a l  b o n d s ,  f o r  w h i c h  s t r u c t u r e s  a r e  
known,  show e f f e c t s  s i m i l a r  t o  t h o s e  n o t e d  a b o v e ,  i . e .  
t he  M-B-M a n g l e s  become a c u t e  and t he  B-M-B a n g l e s  become  
o b t u s e  i n  t h e  c e n t r a l  M3LIB r i n g .  T h i s  p o i n t  c a n  be  
i l l u s t r a t e d  by  t h e  bond a n g l e s  f o u n d  i n  t h e  c o m p l e x e s
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2
h a v e  no m e t a l - m e t a l  b on ds  w h e r e a s
l i s t e d  i n  T a b l e  2 . 3 *  Tke c o m p l e x e s  |( 0C ) ^ P e l  | PMe
7 2
12
K j [ l
and [ ( 0 C V : n N r
[ j [ E t 5 P ) ( 0C )  jMo jh. ie2J [ 29 and  SnMe- {  0C ) ?Ru [snMe^j L  h a v e  
m e t a l  m e t a l  b o n d s .  Bach o f  t he  c o m p l e x e s  h as  a p l a n a r  
MBMB r i n g .
The c r y s t a l  s t r u c t u r e  o f  SnMe 0C ) ^Ru j^SnMe^J ^Ru( C 0 )  ^SnMe 
i s  p a r t i c u l a r l y  i n t e r e s t i n g  s i n c e  t h e  C-Sn-C a n g l e  i n  
t h e  SnMe^ b r i d g e  i s  1 0 9 °  w h e r e a s  t he  Ru-Sn-Ru a n g l e  i s  
7 1 . 5 ° .  T h i s  s ho ws  t h a t  t h e  Sn-C b o n d ,  and h e n c e  t h e  
Sn-Ru bond a r e  s t i l l  f or me d  from sp^ h y b r i d i s e d  t i n ,  
b u t  t h e  a t t r a c t i v e  f o r c e  b e t w e e n  t h e  two Ru a t oms  i s
O
s t r o n g  e n ou g h  t o  c o n t r a c t  t h e  Ru- Sn- Ru a n g l e  by some 37*5 •
The Mo-Ti  d i s t a n c e  o f  3 . 32A i n  Cp2 Ti  £sMeJ2l Io(C0)
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s e e ms  v e r y  l o n g  co mpa r e d  w i t h  m e t a l - m e t a l  hond l e n g t h s
i n  r e l a t e d  c o m p l e t e s  ( n o r m a l l y  i n  t h e  r a n g e  2 * 5 - 3 *0A,
a l t h o u g h  l o n g e r  b o n ds  h a v e  b e e n  o b s e r v e d  i n  c o m p l e x e s
o f  2 n<^  a nd  J>T<^  row e l e m e n t s )  b u t ,  a s  p o i n t e d  o u t  by  Dahl  ^  
29
and o t h e r s  , t h e r e  a r e  r e s t r a i n t s  on t h e  c l o s e n e s s  o f  
a p p r o a c h  o f  t h e  two m e t a l  a t o m s .  The f a c t o r  w h i c h  n o r m a l l y  
d e t e r m i n e s  t h e  m e t a l - m e t a l  bond l e n g t h  i s  t h e  s i z e  o f  t h e  
b r i d g i n g  a t om:  t h e  l a r g e r  t h e  atom t h e  l o n g e r  t h e  m e t a l -
m e t a l  b o n d .  T h u s ,  i n  a h y p o t h e t i c a l  c a s e ,  a c h l o r i n e -  
b r i d g e d  c o m p l e x  w i l l  h a v e  a s h o r t e r  m e t a l - m e t a l  bond  
t h a n  t h e  c o r r e s p o n d i n g  i o d i n e - b r i d g e d  c o m p l e x ,  s i m p l y  
b e c a u s e  o f  t h e  g r e a t e r  b u l k  on i o d i n e  a s  c o m p a r e d  w i t h  
c h i o r i n e .
S i n c e  s u l p h u r  i s  a r e l a t i v e l y  s m a l l  a t om,  and F e - F e
O  C7
d i s t a n c e s  o f  2 . 7 2 A and 2 . 5 4 A  h a v e  b e e n  o b s e r v e d  i n
[ ( 0N ) 2 P e [ s E  t ] J 275 and OC ) ^Fe f s E t j l  ^  5 r e s p e c t i v e l y ,
( t h e  l a t t e r  c a n n o t  c o n s t i t u t e  an e x a c t  a n a l o g y  s i n c e  t h e
FeSFeS  r i n g  i s  p u c k e r e d )  a s h o r t e r  Mo-Ti  d i s t a n c e - m i g h t
h a v e  b e e n  e x p e c t e d  i f  t h e  s i z e  o f  t h e  b r i d g i n g  a tom was
t h e  o n l y  f a c t o r  i n v o l v e d  i n  d e t e r m i n i n g  t h e  Mo-Ti  bond
l e n g t h .  I n  C p^Ti  £sMeJoMo( C 0)  , i t  i s  n o t  s o  much t h e  s i z e
o f  t h e  b r i d g i n g  a t om ,  b u t  t h e  s t e r i c  i n t e r a c t i o n s  b e t w e e n
t he  two c y c l o p e n t a d i e n y l  r i n g s  t h a t  a r e  t h o u g h t  t o  
d e t e r m i n e  t h e  Mo-Ti  bond l e n g t h .  I f  t he  Ti and Mo a t oms
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w e r e  moved c l o s e r  t o g e t h e r  t h e  S - T i - S  a n g l e  w o u l d  h a v e  
t o  b e c o me  more  o b t u s e ,  l e a d i n g  t o  f u r t h e r  c l o s i n g  o f  od 
r e s u l t i n g  i n  v e r y  c l o s e  a p p r o a c h  o f  t he  c y c l o p e n t a d i e n y l  
r i n g s .
T h e r e  may a l s o  be  a s t e r i c  r e p u l s i v e  f o r c e  a c t i n g  
b e t v / e e n  t h e  two h a l v e s  o f  t h e  c o m p l e x  a c r o s s  t h e  TiSMoS 
r i n g  on  t h e  s i d e  o f  t h e  S - m e t h y l  g r o u p s  s i n c e  t h e  c a r b o n y l  
g r o u p  a t t a c h e d  t o  Mo on t h i s  s i d e  o f  t he  r i n g  i s  p u s h ed  
away f r o m t h e  r i n g .  Such  a f o r c e  w o u l d  a l s o  o p p o s e  c l o s e r  
a p p r o a c h  o f  t h e  m e t a l s .
The s i m i l a r i t y  b e t w e e n  t h e  s o l u t i o n  s p e c t r a  and t h e  
d i f f u s e  r e f l e c t a n c e  s p e c t r a  o f  A and o f  r e l a t e d  c o m p l e x e s  
e x a m i n e d ,  and  t h e  g e n e r a l  s i m i l a r i t i e s  i n  t h e  p h y s i c a l  
p r o p e r t i e s  o f  t h e s e  c o m p l e x e s ,  i n d i c a t e  t h a t  t h e r e  i s  no  
ma^ jor c h a n g e  i n  s o l u t i o n  and t h a t  a i l  t h e  c o m p l e x e s  I  
may b e  p re s u m e d  t o  h a v e  a b a s i c a l l y  s i m i l a r  s t r u c t u r e .
The c y c l o p e n t a d i e n y l  p r o t o n  r e s o n a n c e s  ( a s  shown i n  
F i g u r e  2 * 4 )  o b s e r v e d  i n  t h e  ^ E n . a . r .  s p e c t r a  o f  c o m p l e x e s  I  
( R e  Me) may r e a d i l y  be u n d e r s t o o d  i f  g e o m e t r i c a l  i s o m e r i s m  
t a k e s  p l a c e .  C i s o i d  ( l c )  and t r a n s o i d  ( i d )  i s o m e r s  
( F i g u r e  2 . 5 ) a r e  p r e s e n t ,  t he  f o r m e r ,  w h i c h  i s  f ou n d  i n  
t he  s o l i d ,  b e i n g  p r e d o m i n a n t .
I n t e r c h a n g e  o f  t h e  two i s o m e r s  i s  s l o w  or n o n - e x i s  t a n t
2 100 2 000 1900
F i g u r e  2 . 3  I n f r a - r e d  c a r b o n y l  s t r e t c h i n g  f r e q u e n c i e s  i n
Cp2 Ti [ s K e ] 2Ho(C0 ) .
4*5 5 . 0 5 *5
1 . .F i g u r e  2 . 4  H n . m . r .  s p o e t  rum o f  t h e  c y c l o p e n t a d i e n y l  
p r o t o n s  i n  C p i  j f eJ V^; ( CO) ^
GI c
R O
I d
F i g u r e 2 . 5  G e o m e t r i c a l  i s o m e r i s m  i n  Cp2 Ti  ISR ^ t 1 ( C0 ) ^
/  /> r  * t
u t  2.
b e l o w  20 C, o u t  r a p i d  ( o n  t he  H n . a . r .  t ime  s c a l e )  a t  
50  C . 11^  i s  i n  a d e t e c t a b l y  d i f f e r e n t  e n v i r o n m e n t  f rom
s i n c e  t h e  e f f e c t s  o f  a s u b s t i t u e n t  a t  s u l p h u r  d i f f e r  
f rom t h o s e  o f  a l o n e  p a i r .  Th i s  a c c o u n t s  f o r  t h e  two  
s t r o n g  p e a k s  o f  F i g u r e  2 . 4 »  and c a n  be co mpa r e d  w i t h  t h e  
r e s o n a n c e s  o b s e r v e d  i n  Cp^TiS^ and CI^S^ ( S e e  C h a p t e r  1 ) .  
The w e a k e r  p e a k  i n  b e t w e e n  t h e s e  i s  due t o  t h e  r i n g  
p r o t o n s  ( b o t h  s e t s  o f  w h i c h  a r e  e q u i v a l e n t )  o f  I d .
S i n c e  t h e  S - m e t h y l  p r o t o n s  e x p e r i e n c e  v i r t u a l l y  t h e  same  
e n v i r o n m e n t  i n  l c  and I d ,  t h e  m e t h y l  p r o t o n  r e s o n a n c e s  
c a n n o t  be  s e p a r a t e d .
S p e c t r a  o f  t h e  c o m p l e x e s  I  ( R *  Ph) c o u l d  n o t  be  
o b t a i n e d  a t  **3 5 °C b e c a u s e  o f  t h e i r  i n s o l u b i l i t y  i n  c h l o r o -  
b e n z e n e  a t  t h i s  t e m p e r a t u r e .  A t  20°C a s i n g l e  r a t h e r  b r o a d  
peak  ( h a l f  p e a k  h e i g h t  w i d t h  a r o u n d  3^ z *) was  o b s e r v e d  f o r  
t h e  c y c l o p e n t a d i e n y l  r i n g  p r o t o n s .  S i n c e  i t  s e e ms  
u n l i k e l y  t h a t  i n t e r c o n v e r s i o n  o f  i s o m e r s  w o u l d  be f a s t e r  
f o r  t h e  p h e n y l  t h a n  f o r  t h e  m e t h y l  d e r i v a t i v e s ,  i t  i s  
i n f e r r e d  t h a t  t h e  p h e n y l  d e r i v a t i v e s  a r e  p r e s e n t  a l m o s t  
e x c l u s i v e l y  i n  t h e  t r a n s o i d  form ( i d )  a t  room t e m p e r a t u r e .  
T h i s  d i f f e r e n c e  i n  b e h a v i o u r  b e t w e e n  m e t h y l  and p h e n y l  
c o m p l e x e s  may be  a s s i g n e d  t o  s t e r i c  r e p u l s i o n  i n  t h e  
h y p o t h e t i c a l  s p e c i e s  l c  , R =  Fh .
The s p e c t r o s c o p i c  d a t a  f o r  c o m p l e x e s  I i n d i c a t e  an
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a p p r e c i a b l e  amount  o f  m e t a l - m e t a l  i n t e r a c t i o n  a n d ,  t a k i n g  
i n t o  a c c o u n t  t h e  s t r u c t u r e  o f  C p2 Ti|"sMeJ 2” o ( C 0 ) ^ ,  a d i r e c t  
m e t a l - m e t a l  bond i  s s u g g e s t e d .  I t  c o u l d  s t i l l  be  a r g u e d ,  
h ow e v e r ,  t h a t  t h e  m e t a l - m e t a l  i n t e r a c t i o n  m i g h t  be  r e l a y e d  
t h r o u g h  t h e  v a c a n t  s u l p h u r  3 d - o r b i t a l s .  D i r e c t  i n t e r a c t i o n  
i s  f a v o u r e d  b e c a u s e  a s t r o n g  t e n d e c y  to  r e l a y  e l e c t r o n  
d e n s i t y  t h r o u g h  t h e  s u l p h u r  3d - o r b i t a l s  w o u l d  p r o b a b l y  
t e n d  t o  s h i e l d  t h e  S - m e t h y l  p r o t o n s  t o  a g r e a t e r  e x t e n t  
t h a n  i s  o b s e r v e d .  (An a c c u r a t e  e s t i m a t e  o f  t h e  amount  o f  
s h i e l d i n g  f e l t  by  t h e  S - m e t h y l  p r o t o n s  c a n n o t ,  i n  f a c t ,  
be  made a s  t h e  c h e m i c a l  s h i f t s  o f  t he  S - m e t h y l  p r o t o n s  i n
t h e  h y p o t h e t i c a l  s p e c i e s  ( l a ) ,  w h e r e  t h e r e  i s  no H1 >Ti
d o n a t i o n ,  a r e  u n k n o w n ) .  The s m a l l  u p f i e l d  s h i f t  t h a t  i s  
o b s e r v e d  i s  t h o u g h t  t o  a r i s e  f rom t h e  i n c r e a s e  i n  e l e c t r o n  
d e n s i t y  i n  t h e  TiSM1S r i n g  as  a w h o l e ,  b r o u g h t  a b o u t  by  
t h e  f o r m a t i o n  o f  t h e  11'—»Ti bond.
As p o i n t e d  o ut  i n  C h a p t e r  1 ,  t h e  t i t a n i u m  a t om i n
Cp2 T i ( S R ) 2  h a s  a v a c a n t  o r b i t a l .  T h i s  o r b i t a l ,  s t i l l
p r e s e n t  i n  c o m p l e x e s  I ,  c a n  be e q u a t e d  ( T a b l e  2 . 4 )  w i t h
a d - o r b i t a l ,  or  a 3 d,  4 s ,  4 p z h y b r i d  ( i n  t h e  c o - o r d i n a t e
s y s t e m  o f  F i g u r e  2 . 6 ) d i r e c t e d  t o w a r d s  IT* • T h i s  o r b i t a l
„ / 2 2 \c a n  a c c e p t  e l e c t r o n  d e n s i t y  f rom t h e  d ( 2 - x  ) o r b i t a l  
on LI’ t o  f or m t h e  LI1—^ T i  bond w h i c h  i s  r e s p o n s i b l e  f o r  
the  u n u s u a l  p r o p e r t i e s  o f  c o m p l e x e s  I .  ( The  u n u s u a l  l a b e l ,
/F i g u r e  2 . 6  C o - o r d i n a t e  a x e s  f o r  d i s c u s s i o n  o f  b o n d i n g  
i n  Cp^Ti  [s r ] 2 :.: ' (co) .
T a b l e  2 . 4
O r b i t a l s R e p r e s e n t a t i o n s  S p a nn e d
c = H - ( a  ) 
0 0 1 a l  +  b 2
Cj IIj  ( e (  z ) ) a l  +• b 2
C5 ff5 ( e ( x ) ) a 2 f  t
S - T i a l  +  bl
L i g a n d  O r b i t a l s $a^+- a2-t"2b^-f  2b^
T i  3d 2a-  ^ a 2 4- b^ 4  b2
4 s a i
4P -4" 4“ ^2
V e t a l  O r b i t a l s 4a^ 4- a 2 -f- 2b^ ~f- 2 b 2
V a c a n t  t l e t a l  O r b i t a l a i
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d ( z 2 - * 2 ) ,  f o r  a d( t 0fJ  o r b i t a l  i s  an a r t e f a c t  o f  t h e  
c o - o r d i n a t e  s y s t e m , } .
D a t i v e  m e t a l - m e t a l  b o n d s ,  f ormed by a t r a n s i t i o n  
m e t a l  c o m p l e x  a c t i n g  a s  a Lev/ i s  b a s e ,  a r e  f a i r l y  common 
i n  c o m p l e x e s  c o n t a i n i n g  a main  or p o s t  t r a n s i t i o n  g r o u p  
e l e m e n t  and a t r a n s i t i o n  m e t a l ,  b u t  a r e  r a r e  f o r  c o m p l e x e s  
c o n t a i n i n g  o n l y  t r a n s i t i o n  m e t a l s .  CP2 M0H2 and CpgWHg
h a v e  b e e n  u s e d  e x t e n s i v e l y  as  Lewi s  b a s e s ,  f o r m i n g
7 6  7 7
c o m p l e x e s  s u c h  a s  CpgtfHgBF^ t 0 - p 2 j ' ^ 2 ^ ^ e  * an(^
*7 Q
C*p2 MoH'2 Mo(CO) -  . CpCo(CO) i ias  s i m i l a r l y  b e e n  u s e d ,  
f o r m i n g  c om p i  e x e s ,  . m a i n l y  w i t h  m e r c u r i c  h a l i d e s ,  o f  t h e
79t y p e  C p C o ( C 0 ) 2H g C l 2 • There  i s  no r e a s o n  t o  s u p p o s e  t h a t  
t h e  11 d a t i v e ” bond f or me d  i n  t h e  a b o v e  c o m p l e x e s  i s  any  
d i f f e r e n t  f ro m t h e  n o r m a l ,  c o v a l e n t  t y p e  o f  m e t a l - m e t a l  
bo nd ,  e . g .  t h e  Co-Hg bond l e n g t h  i n  CpCo(C0 ) ^HgCl2 i s
C>80 °  f / \ \ 81
2 . 5 8 -k a s  c o mp ar e d  w i t h  2 . 5 OA i n  ( C o ^ C O ^ ^ H g  . A 
r e l a t e d  t y p e  o f  bond i s  t h a t  f o r me d  b e t w e e n  two a t oms  o f  
the  same m e t a l ,  b u t  i n  d i f f e r e n t  o x i d a t i o n  s t a t e s ,  a s  foun<
i n  ( OC) FeCgHgC^Fe( C0 )  ^ , w h e r e  t h e r e  i s  d o n a t i o n  from
0 T T 0Pe t o  Pe . The P e - P e  bond l e n g t h  o f  2 . 4 9 A  i s  s i m i l a r
to  normal  P e - P e  bond  l e n g t h s  i n  o r g a n o n e t a l 1 i c  c o m p l e x e s .
M e t a l - m e t a l  " d a t i v e ” bonds  h a v e  now come t o  be  a c c e p t e d ,
so  much s o  t h a t  L e w i s  b a s i c i t y  h a s  b e e n  t h e  s u b j e c t  o f  
o ;>
a r e c e n t  r e v i e w
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I t  s h o u l d ,  i n  c o n c l u s i o n ,  be  m e n t i o n e d ,  a s  h a s  b e e n
21
p o i n t e d  o u t  e l s e w h e r e  , t n a t  b e c a u s e  e l e c t r o n s  a r e  b e i n g  
d o n a t e d  t o  I!1 b y  s u l p h u r ,  a n d  t o  Ti  by LI1 , t h e  a s s i g n m e n t  
o f  o x i d a t i o n  s t a t e s  t o  Ti  and M1 i n  c o m p l e x e s  I i s  
u n c e r t a i n  and p r o b a b l y  a r b i t r a r y ,  a l t h o u g h  t h e  two 
c o m p o n e n t s  u s e d  i n  t h e  p r e p a r a t i o n s ,  Cp2 T i ( S R ) 2 and  
n o r b o r n a d i e n e - M1 ( C O) ^ ,  c o n t a i n  Ti^" and M1  ^ r e s p e c t i v e l y .
3) P r o p e r t i e s  o f  C h e l a t i n g  D i p h o s p h i n e or  D i a r s i n e
I I  I IP a l l a d i u m  or P l a t i n u m  d i -^t -o r g a n o t h i o  t e t r a -
c a r b o n y l s  o f  g r o u p  V I ,  ( L-L ) 2MAllL2) 4 » ^ »
(L-L =  1 , 2  b i s  d i p h e n y l p h 03 p h i no  e t h a n e ,  0 - p h e n y l e n e
b i s - d i e t h y l a r s i n e  ; 2 ! = P d , P t ;  R =-Me , Ph ; M' =  C r , M o , ? ) .
The c o m p l e x e s  (L-L ) m j^SR^^1 (CO)^,  I I ,  p r e p a r e d ,  
w i t h  t h e i r  i n f r a - r e d  c a r b o n y l  s t r e t c h i n g  p a r a m e t e r s  and  
f r e q u e n c i e s ,  and d i f f u s e  r e f l e c t a n c e  u . v . / v i s i b l e  s p e c t r a  
a r e  g i v e n  i n  T a b l e  2 . 5  t o g e t h e r  w i t h  s i m i l a r  d a t a  f o r  
r e l a t e d  c o m p l e x e s .
T h es e  d a t a ,  t o g e t h e r  w i t h  t h e  a n a l y t i c a l  f i g u r e s  o f
c o m p l e x e s  I I  a r e  c o n s i s t e n t  w i t h  s t r u c t u r e  I l a .
R
(><>(C0)4
R
I l a
TABLE 2 ,5
and r e l a t e d  c o m p l e x e s .
El ec t r o n i c  S p e c t r a .
P— P -  Ph2PCH2CH2 PPh2 I n f r a - r e d  S p e c t r a .
.
i/max.
D i f f u s e  
R e f l e c  t a n c e
Spec t r a ( c m . 1 )
Vmax.
S p e c t r a  from 
CHCI5 S o l n .
(cmT1 ) ( l  og£)
A s — As = C^H^(AsEt2 ) g - l  b
v ( C = 0 ) ( c m ,  ) 
CHCl^ Sol  11. k A k d
P—-PPd ISMel Cr(CO) , u- j 2 4
c
197 8 , 1 8 5 6 ,  
1 8 4 9 ,  1 8 0 6 .
22500
P— PPd | sMeJ2Mo(C0) 4 2 0 0 3 , 1 8 9 3 ,  
186  3 , 1 8 2 3 *
1 4 . 3 3 0 . 5 4 2 2 7 0 0
P— PPd (sMe]  W(C0)
2 4
1 9 9 4 ,  139 0 ( b r ) 
1 8 3 3 .
1 4 . 4 0 0 . 5 7 2 2 2 0 0
P— PPt  |sivIe]2C r ( C 0 ) 4 1 9 9 4 ,  1 8 8 4 ,  
1 3 6 1 ,  1 8 1 7 .
1 4 . 4 2 O. 5 7 22700
P— PPt  ( sMe]2 Mo(C0) 2OO5 , 139 3 , 
1 8 6 0 ,  1 8 1 7 .
1 4 . 4 9 0 . 58 2 3 5 ° °
P— PPt  [sMe]  W( C0) A 1 9 9 8 , 1 8 8 1 ,  
1 8 5 3 ,  1 8 1 1 .
1 4 .  38 0.  59 2 4100
As— AsPd j s M e ] 2Mo(CO) 4 2 0 0 4 , 1 8 8 6 ,  
1 8 3 1 , 1 8 1 0 .
1 4 . 4 1 0 , 6 6 2 5 OOO
P— PPd [s PhJ2Mo ( C 0 ) 2 0 0 3 , 1 8 9 0 , 
1 8 6 1 ,  1 8 2 0 .
1 4 . 5 0 0 . 3 1
P— PPt  [sPh^J2Mo(C0) 4 2 0 0 6 , 1 8 9 1 ,  
1 3 6 4 ,  1 8 2 7 .
1 4 . 5 3 O. 4 8
As— AsPd ( s P h ^  Mo(CO) 2 0 0 8 ,  1 3 9 6 ,
I 8 6 4 , 1 8 2 1 .
1 4 . 5 5 0 . 4 6 21 0 0 0
P— PPd(SMe) 22 4 0 0
2 4 4 00
2 2 0 0 0  ( 2 . 3 2 ) 
24300  ( 2 . 4 3 )
P— P P d( SPh) 2
v '
2 1 2 Q0 ( 3 . 0 4 )
P— PPt(SMe) 2 5900 2 6000  ( 2 . 1 5 )
P — PPt(  SPh) 2 25000  ( 2 . 5 3 )
As — As Pd(SMe) 2 22800 22700  ( 3 . 1 5 )
As— As Pd( SPh) 2 225 0 0 21600  ( 3 . I 3 )
MeSCHoCHo SMeCr(C0)®’2 2 ' 4 2 0 2 0 , 1 9 1 4 ,  1 8 9 8 , 1 8 6 9 .
1 4 . 9 8 2 6 30 0  ( 2 . 6 0 )
Me SC H 2C H 2 SMe Mo ( C 0)  4 2 0 3 0 , 1 9 1 9 ,  
1 9 0 5 , 1 8 6 8 .
1 5 . 0 7 27600  ( 3 . 2 )
MeSCH2CH2 SMeW(CO) 4 - 2 0 2 3 ,  1 9 1 0 ,  
1897 , 1867 .
1 4 . 9 7 27000  ( 3 .  30)
PhSCH2CH2SPhW(CO) 4 2027» 1 9 0 5 ( b r ) 
1 8 7 0 .
1 5 . 0 1 i 1 
!
127700 ( 3 . 1 5 )
a .  I n f r a - r e d  s p e c t r u m  f rom r e f . 7 0 .
b.  A l l  peaks  a r e  s t r o n g .  The peaks  b e l o n g i n g  
t o  c o m p l e x e s  I I  we r e  d e t e r m i n e d  by r u n n i n g  
s u c c e s s i v e  s p e c t r a ,  and r e m o v i n g  t h o s e  peaks  
w h i c h  g a i n e d  i n  i n t e n s i t y .  A t y p i c a l  s p e c t r u m  
i s  shown i n  F i g u r e  2 . 8 .
c .  lSTujol m u l l ,  c o m p l e x  t o o  u n s t a b l e  i n  CHC1,
-  _ 3 ■
d. &k= k - k
r s c h 2c h 2 s r m ' ( c o ) 4 ( l - l ) m ( s r ] 2 m’ ( c o )
( br broad peak)
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a ) I n f r a - r g d  D a t a .
The i n f r a - r e d  c a r b o n y l  s t r e t c h i n g  f r e q u e n c i e s  a n d  
s t r e t c h i n g  p a r a m e t e r s  o f  c omp l e x e s .  I I  a r e  l o w e r  t h a n  
t h o s e  o f  c o m p l e x e s  I I I  ( RSCHgCHgSRM1(CO) . Thus ,  t h e  
i n t r o d u c t i o n  o f  an  e l e m e n t ,  Pt  or Pfc, l e s s  e l e c t r o n e g a t i v e  
t h a n  c a r b o n ,  h a s  J ^ s  t h e  p r e d i c t e d  e f f e c t  o f  l o w e r i n g  t h e  
c a r b o n y l  s t r e t c h i n g  f r e q u e n c i e s  and s t r e t c h i n g  p a r a m e t e r s .  
( S e e  2 a ,  I n f r a - r e d  D a t a ,  a b o v e ) .
h)  E l e c  t r o n i c  D a t a .
The d i f f u s e  r e f l e c t a n c e  e l e c t r o n i c  s p e c t r a  o f  c o m p l e x e s  
I I  a r e  s i m i l a r  t o  t h e  s o l u t i o n  s p e c t r a  ( C h a p t e r  l )  and  
t h e  d i f f u s e  r e f l e c t a n c e  s p e c t r a  o f  ( L - L ) m ( s r ) 2 i n  t h e  r a n g e  
1 4 , OOO-3O , 0 0 0 c m .  ^ . The l o w e s t  e n e r g y  peaks  
( 22 , 0 0 0 - 2 6  , 0 0 0 c m . "*” ) i n  ( L-L ) l l ( SR) 2 have  b e e n  a s s i g n e d  
( C h a p t e r  l )  t o  a d—*d t r a n s i t i o n  i n  M. The t r a n s i t i o n s  
o b s e r v e d  i n  c o m p l e x e s  I I  a r e  i n  a p p r o x i m a t e l y  t h e  same  
p o s i t i o n s  as  t h o s e  i n  ( L- L)  I,l( SR)^ when M =  Pd, b u t  a r e  a t  
s l i g h t l y  l o w e r  e n e r g y  when Mr ? t .  The bands  i n  c o m p l e x e s  I I  
a r e  t h e r e f o r e  a s s i g n e d  t o  a d—>d t r a n s i t i o n  i n  M. They  
a r e  n o t  a s s i g n e d  t o  a t r a n s i t i o n  i n v o l v i n g  M* s i n c e  t he  
hands  o b s e r v e d  i n  t h e  s o l u t i o n  s p e c t r a  o f  c o m p l e x e s  I I I  
o c c u r  a t  s ome w ha t  h i g h e r  e n e r g y  27 ,000cm *  ^ ) .
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A " t a i l i n g  o f f "  e f f e c t  on t he  low e n e r g y  s i d e  o f  t h e  
o b s e r v e d  b an d s  i n  c o m p l e x e s  I I  may a r i s e  f rom c r y s t a l  
e f f e c t s  s i n c e  t h e  s p e c t r a  a r e  t h o s e  o f  s o l i d s ,  or t h e  " t a i l "  
may be  made up  o f  w e a k ,  s p i n  f o r b i d d e n  d—»d t r a n s i t i o n s  
i n  M or  I ! ' .  As t h i s  " t a i l i n g  o f f "  e f f e c t  i s  more marked  
when M*= \7 t h a n  when M1 = Cr,Mo,  i t  i s  s u g g e s t e d  t h a t  t he  
t r a n s i t i o n s  i n v o l v e  e l e c t r o n s  on M1 , and t h a t  t h e  t r a n s i t i o n s
a r e  more marked when Mf=  W b e c a u s e  o f  i n c r e a s e d  s p i n - o r b i t
r  d 84
c o u p l i n g  i n  t h e  3 row e l e m e n t  . T h e r e f o r e ,  i f  t h e  " t a i l "
a r i s e s  f r om g e n u i n e  t r a n s i t i o n s  and n o t  from c r y s t a l
s c a t t e r i n g  e f f e c t s ,  t h e  t r a n s i t i o n s  a r e  t e n t a t i v e l y
a s s i g n e d  t o  s p i n  f o r b i d d e n  d—>d t r a n s i t i o n s  i n  M’ .
From t h e  i n f r a - r e d  and e l e c t r o n i c  d a t a ,  t h e  p r o p e r t i e s  
o f  c o m p l e x e s  I I  a r e  c o n s i s t e n t  w i t h  s t r u c t u r e  I l a ,  w h e r e  
t h e r e  i s  s i m p l e  c f ' - do n a t io n  f rom s u l p h u r  t o  M1 .
The ^ H n . m . r .  s p e c t r a  o f  c o m p l e x e s  I I  w e r e  n o t  o b t a i n e d  
b e c a u s e  o f  t h e i r  r a p i d  d e c o m p o s i t i o n  i n  s o l u t i o n .  Had 
t h e s e  s p e c t r a  b e e n  o b t a i n e d , ,  i t  w o u l d  h a v e  b e e n  p o s s i b l e  
t o  c o mp ar e  them w i t h  t h o s e  o f  c o m p l e x e s  I .  Such a 
c o m p a r i s o n  m i g h t  w e l l  h a v e  g i v e n  a b e t t e r  i d e a  o f  t h e  
c h e m i c a l  s h i f t s  o f  t h e  S - m e t h y l  p r o t o n s  i n  t he  
h y p o t h e t i c a l  s p e c i e s  l a ,  and h e n c e  a more a c c u r a t e  e s t i m a t e  
o f  t h e  s h i e l d i n g  o f  t h e  S - m e t h y l  p r o t o n s  i n  l b  m i g h t  h a v e  .
b e e n  p o s s i b l e .  ( S e e  2d ,  S t r u c t u r e  and B o n d i n g ,  a b o v e ) .
50
c ) S t r u e  t u r e  and Bo ndi ng : .
The MBMB r i n g ,  i n  a l l  b r i d g e d  d i n u c l e a r  c o m p l e x e s  
w h e r e  no m e t a l - m e t a l  bond i s  p o s t u l a t e d ,  h a s  b e e n  f o u n d  
t o  be  p l a n a r .  As t h e  i n f r a - r e d  and e l e c t r o n i c  d a t a  g i v e  
no e v i d e n c e  f o r  a m e t a l - m e t a l  bond i n  c o m p l e x e s  I I ,  t h e  
MSM*S r i n g s  a r e  e x p e c t e d  t o  be p l a n a r .  A l s o ,  t h e  SMS 
and SM1 S. a n g l e s  a r e  e x p e c t e d  t o  be  a c u t e  s i n c e  M and M* w i l l  
t e n d  t o  r e p e l  e a c h  o t h e r  a s  t h e y  e a c h  h a v e  e l e c t r o n  p a i r s  
w h i c h  p o i n t  t o w a r d s  e a c h  o t h e r  i n  t he  p l a n e  o f  t h e  r i n g .
I n  some c a s e s ,  t h e  r e p u l s i v e  f o r c e s  b e t w e e n  t h e  two
m e t a l  a t o m s  a r e  s t r o n g  enough t o  c o n f e r  a p o l y m e r i c ,  r a t h e r
t h a n  d i m e r i c ,  s t r u c t u r e  on t he  c o m p l e x ,  as  h as  b e e n  f o u n d ,
f t  \ x 2 8f o r  e x a m p l e ,  i n  ( { Oil; 2C o I ) n * ^ p o l y m e r i c  s t r u c t u r e ,  a s
i n  F i g u r e  2 . 7 ,  i s  t h o u g h t  u n l i k e l y  t o  be t h e  s t r u c t u r e  o f  
c o m p l e x e s  I I  s i n c e  s u c h  a s t r u c t u r e  wo ul d  h a v e  h i g h e r  e n t r o p y  
t h an  t h e  d i m e r i c  s t r u c t u r e ,  I l a ,  b e c a u s e  t h e  " l i g a n d s " ,  
( L - L ) m( s r ) 2 , a r e  no l o n g e r  c h e l a t i n g .  A l s o ,  a p o l y m e r i c  
s t r u c t u r e  v / ou l a  p r o b a b l y  make c o m p l e x e s  I I  more i n s o l u b l e  
t ha n  i s  o b s e r v e d .  ( C o m p l e x e s  I I  a r e  f a i r l y  s o l u b l e  i n  
p o l a r  s o l v e n t s ,  b u t  d e c o m p o s i t i o n  i s  r a p i d  t h e r e a f t e r ) .
A p o l y m e r i c  s t r u e  t u r e  s u c h  as  shown i n  F i g u r e  2 . 7 ,  c a n n o t  
he r u l e d  o u t  s o l e l y  on i n f r a - r e d  e v i d e n c e  as  t h i s  p o l y m e r i c  
s t r u c t u r e  i s  d e r i v e d  from c i s - s u b s t i t u t i o n  o f  t h e  m e t a l  
h e x a c a r b o n y l , a s  i s  I l a ,  and w o u l d  p r o b a b l y  g i v e  r i s e  t o  a
Aoo
O o - .
O o .
oo
F i g u r e  2 * 1  P o s s i b l e  p o l y m e r i c  s t r u c t u r e  f o r  c o m p l e x e s  I I .
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c a r b o n y l  s t r e t c h i n g  f r e q u e n c y  p a t t e r n  s i m i l a r  t o  t h a t  
o b s e r v e d .  (A t y p i c a l  s p e c t r u m  i s  shown i n  F i g u r e  2 . 8 ) .
There  i s  a p o s s i b i l i t y  t h a t  t h e  c o m p l e x e s  ( L - L ) m( s r )
2
c o u l d  b e h a v e  a s  6 e l e c t r o n  d o n o r s ,  u s i n g ,  i n  a d d i t i o n  t o  
t h e  l o n e  p a i r s  on s u l p h u r ,  one o f  t h e  l o n e  p a i r s  on M, 
g i v i n g  a c o m p l e x  s u c h  a.s I I ' .
OK0 ? H , ( c o ) 3
R
I I 1
I I 1 c a n n o t  be  r u l e d  o u t  on t h e  b a s i s  o f  a n a l y t i c a l
f i g u r e s  f o r  c o m p l e x e s  I I  s i n c e  t h e  c a r b o n  a n a l y s e s  f o r  I I
and I I 1 d i f f e r  by o n l y  0 . 5 $ *  A l s o ,  d e t e r m i n a t i o n  o f  $C0
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i n  d i n u c l e a r  c o m p l e x e s  o f  t h i s  t y p e  has  b e e n  f ou n d  t o  g i v e  
i r r e p r o d u c i b l e  r e s u l t s .  I I '  c a n ,  h o w e v e r ,  be r u l e d  o u t  
b e c a u s e  o f  t h e  o b s e r v e d  number and p a t t e r n  o f  c a r b o n y l  
s t r e t c h i n g  f r e q u e n c i e s  i n  c o m p l e x e s  I I .
The o r b i t a l s  on M and M' i n  c o m p l e x e s  I I  w h i c h  a r e
d i r e c t e d  t o w a r d s  e a c h  o t h e r  a r e  f i l l e d ,  s o  t h a t ,  a s  w e l l
as  t e n d i n g  t o  push t h e  two m e t a l s  a p a r t ,  t h e r e  may be  a
t e n d e n c y  f o r  t h e  e l e c t r o n  p a i r s  t o  be c o n c e n t r a t e d  on t h e i r
r e s p e c t i v e  m e t a l s .  T h i s  means t h a t  H ' , i n  c o m p l e x e s  I I ,
may w e l l  f e e l  a h i g h e r  e l e c t r o n  d e n s i t y  t h a n  i n  c o m p l e x e s  
I I I ,  n o t  o n l y  b e c a u s e  o f  e l e c t r o n e g a t i v i t y  d i f f e r e n c e s ,
2 000  1 9 0 0  1 30 0  cm. - 1
F i g u r e  2 , 8  I n f r a - r e d  c a r b o n y l  s t r e t c h i n g  f r e q u e n c i e s  
i n  Ph2 PCH2CK2 PPh2 Pt [ sKeJ2W(C0)4 .
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bu t  a l s o  b e c a u s e  o f  t h i s  t r a n s - a n n u l a r  r e p u l s i o n  e f f e c t .  
T h e r e f o r e ,  i n  c o m p l e x e s  I I  b o t h  d e c r e a s e d  e l e c t r o n e g a t i v i t y  
and r e p u l s i v e  e f f e c t s  may c o n t r i b u t e  to  t he  o v e r a l l  l o w e r i n g  
o f  t h e  c a r b o n y l  s t r e t c h i n g  f r e q u e n c i e s  and p a r a m e t e r s  as  
compar e d  w i t h  t h o s e  o f  c o m p l e x e s  I I I .
The c a r b o n y l  s t r e t c h i n g  f r e q u e n c i e s  and s t r e t c h i n g  
p a r a m e t e r s  o f  c o m p l e x e s  I I  seem i n d e p e n d e n t  o f  M and M1 , 
b u t  s l i g h t l y  d e p e n d e n t  on t he  n a t u r e  o f  L-L and R.
Changes  i n  L-L and R w o u l d  be e x p e c t e d  t o  c h a n g e  b o t h  
t he  e l  ec t r o n e g a t i v i  t y  and s i z e  o f  t h e  o r b i t a l s  on M, t h e  
l a t t e r  b e i n g ,  pr e s u mj ^ a b l y , d i r e c t l y  r e l a t e d  t o  t h e  m a g n i t u d e  
o f  t h e  r e p u l s i v e  f o r c e s  b e t w e e n  M and H' . S i n c e  t h e  
e l e c t r o n e g a t i v i t y  o f  M and t he  r e p u l s i v e  f o r c e s  b e t w e e n  
ft! and M' may be  c o n n e c t e d  i n  t h i s  way,  i t  i s  n o t  p o s s i b l e  
t o  s a y  w h e t h e r  r e p u l s i v e  f o r c e s  a r e  s i g n i f i c a n t ,  a n d ,  i f  
t h e y  a r e  s i g n i f i c a n t ,  how much t h e y  c o n t r i b u t e  t o  t h e  
o v e r a l l  l o w e r i n g  o f  t h e  c a r b o n y l  s t r e t c h i n g  f r e q u e n c i e s  
and s t r e t c h i n g  p a r a m e t e r s  i n  c o m p l e x e s  I I  as  c o mp a r e d  w i t h  
c o m p l e x e s  I I I .
The f a c t  t h a t  t h e  c a r b o n y l  s t r e t c h i n g  f r e q u e n c i e s  and  
s t r e t c h i n g  p a r a m e t e r s  a r e  i n d e p e n d e n t  o f  M i s  r a t h e r  
s u r p r i s i n g  s i n c ’e ,  a s  was  p o i n t e d  o u t  i n  C h a p t e r  1 ,  p l a t i n u m  
seems  more e l e c  t r o n e g a t i v e  t ha n  p a l l a d i u m  i n  ( L-L )m( Sl.Ie) ^  • 
This  may p o s s i b l y  i n d i c a t e  t h a t  t h e  d i f f e r e n c e  i n
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e l e c t r o n e g a t i v i t y  b e t w e e n  Pd and Pt  i s  t oo  s m a l l  t o  h a v e  
an e f f e c t  on t h e  c a r b o n y l  g r o u p s  on M1 , or t h a t  t he  
e l e c t r o n e g a t i v i t i e s  o f  Pd and Pt  i n  ( L -L ) M( SMe) a r e  
m o d i f i e d  s l i g h t l y  d i f f e r e n t l y  when ( L - L ) m ( S M e ) 2 i s  
c o m p l e x e s  o n t o  a Group VI m e t a l .  Thi s  may a c c o u n t  f o r  t h e  
s m a l l  d i f f e r e n c e s  o b s e r v e d  i n  t he  e l e c t r o n i c  s p e c t r a  o f  
c o m p l e x e s  I I  ( L-L =  Ph2 PCH2CH2 ?Ph2 ; M = P t j  R = M e )  as  
compared w i t h  t h e  s p e c t r u m  o f  Pl^PCEgCE^PPhgPtC SMe) g •
I t  was  p o s t u l a t e d  i n  C h a p t e r  1 ,  t h a t  t h e  v a c a n t  
o r b i t a l  on M i n  ( L - L ) l . : ( S R ) 0 w i l l  a p p r o x i m a t e  t o  a p
c. Z>
o r b i t a l  i n  t h e  c o - o r d i n a t e  a x e s  o f  F i g u r e  2*9* S i n c e
t h e r e  i s  a  v a c a n t  o r b i t a l  on M, t h e r e  i s  a t h e o r e t i c a l
p o s s i b i l i t y  o f  an  M’— »M bond b e i n g  f or me d .  I n s p e c t i o n
o f  t he  a v a i l a b l e  o r b i t a l s  on M1 shows t h a t  t h i s  Mf— >1!
bond w o u l d  h a v e  t o  be a d,  \ —*P f f - b o n d ,  u n s u p p o r t e d  by
I x z )  z
any cT-bond,  a s  s h own  i n  F i g u r e  2 . 9 *
w .
F i g u r e  2 . 9  T h e o r e t i c a l  M1— bond i n  c o m p l e x e s  I I *
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Th e r e  i s ,  h o w e v e r ,  no e v i d e n c e  t o  s u g g e s t  t h a t  s u c h  
a bond e x e s t s ,  or  more p r e c i s e l y ,  i f  s u c h  a bond e x i s t s ,  
i t  m u s t  be  v e r y  weak as  compar e d  w i t h  t h e  M ' - T i  bond i n  
c o m p l e x e s  I ,  s i n c e  t h e  s p e c t r o s c o p i c  e v i d e n c e  f o r  a 
m e t a l - m e t a l  bond i n  c o m p l e x e s  I i s  c o m p l e t e l y  a b s e n t  
i n  t h e  s p e c t r a  o f  c o m p l e x e s  I I .  T h e r e f o r e ,  a f o r m u l a t i o n  
such  a s  l i b  c a n  a l m o s t  c e r t a i n l y  be  r u l e d  o u t .
M e t a l - m e t a l  7T-bonds a r e  n o t  c o m p l e t e l y  unknown i n
o r g a n o m e t a l l i c  c h e m i s t r y ,  b u t  t h e y  a r e  r a t h e r  r a r e .
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Nesmeyanov  h a s  p o s t u l a t e d  t h e  p r e s e n c e  o f  an  I'Tb-Fb/f-bond
i n  | cpNb(  CO) Ph^C J . g  t o  a c c o u n t  f o r  t h e  s h o r t  Fb-Fb
b on di n g  d i s t a n c e  a s  c o mp a r e d  w i t h  t h a t  o b s e r v e d  i n  
87
*NbI^ . T h i s  p o s t u l a t e d  Nb-1Tb 7 / - bond i s ,  h o w e v e r ,  
s u p p o r t e d  by a c r - b o n d ;  u n s u p p o r t e d  77"-bonds a r e  unknown.
R
R
l i b
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CHAPTER 5
The C o m p l e x e s  ( Cp2 TijjSRJ^CuX) n
Prom t h e i r  a n a l y t i c a l  f i g u r e s ,  t h e  c o m p l e x e s  f or me d  
by t h e  r e a c t i o n  o f  Cp2 T i ( S R ) 2 ( R = M e , P h )  w i t h  
( l , 5 c yc l o - o c  t a d i e n e-CuX ) (X =  C l , B r )  h a v e  t h e  e m p i r i c a l  
f o r m u l a  C P2 Ti JjSR^CuX > ^  • When t h e s e  c o m p l e x e s  w e r e  
r e a c t e d  w i t h  p h o s p h i n e s ,  Cp2 T i ( S R ) 2 was  l i b e r a t e d ,  
s u g g e s t i n g  t h a t  Cp2 T i ( S R )2  r e m a i n s  i n t a c t  i n  c o m p l e x e s  IV.
C o m p l e x e s  o f  e m p i r i c a l  f o r m u l a  ■ RSCH 2CH2 SRCuX, V,  
( R = M e , P h ;  X —Cl , B r )  we r e  p r e p a r e d  by t h e  r e a c t i o n  o f
CUX2 anci RSCH CH SR i n  t h e  p r e s e n c e  o f  t r i p h e n y l  p h o s p h i t e ,
88 , N 
whi ch  a c t s  as  a r e d u c i n g  a g e n t  . The same c o m p l e x e s  ^V;
c o u l d  n o t ,  h o w e v e r ,  be  p r e p a r e d  from t h e  r e a c t i o n  o f
( l , 5 c y c l o - o c t a d i e n e - C u X ) 2 w i t h  RSCE2CH2 SR.
I t  h a s  b e e n  f o u n d  t h a t  t h e  c o m p l e x e s  ( d i - o l e f i n CuX) 
d i f f e r  m a r k e d l y  i n  t h e i r  m o l e c u l a r  s t r u c t u r e  d e p e n d i n g  on
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the d i - o l e f i n  u s e d ,  e . g .  1 , 5 c.ycl  o - o c  t a d i e n e -CuCl  »
n o r b o r n a d i e n e - C u C l , and c y c 1 o - o c  t a t e  t r a e n e -CuCl  h a v e  b e e n
89 9 0  91found t o  e x i s t  a s  a a i m e r  , a t e t r a m e r  , and  a p o l y m e r  ,
r e s  pec t i v e l y .
The c o m p l e x e s  o f  e m p i r i c a l  f o r m u l a e  C p^Ti £ s rJ  ^CuX 
and RSCH CHgSRCuX t h e r e f o r e  p r o b a b l y  e x i s t  i n  t h e  f or ms  
(Cp2 T i £ s r J ) n a n d ( RSCHgCHgSRCuX)n whe r e  n i s  g r e a t e r  
than 1 .  H o w e v e r ,  i t  i s  n o t  p o s s i b l e  t o  s a y ,  s i n c e
m o l e c u l a r  w e i g h t s  c o u l d  n o t  be o b t a i n e d ,  w h e t h e r  n h as
the same v a l u e  i n  IV and  V, or  w h e t h e r  n v a r i e s  i n  e a c h
s e t  d e p e n d i n g  on t h e  n a t u r e  o f  R and X.
I t  w i l l  b e  a s s u m e d  t h a t  b o t h  C p g T i C S R ^  and RSCEgCHgSR 
behave  a s  c h e l a t i n g  l i g a n d s ,  s o  t h a t  t he  c o p p e r  c o n t a i n i n g  
c o m p l e x e s  h a v e  t h e  forms  IVa and Va
IVa Va
F u r t h e r ,  s i n c e  c o m p l e x e s  IV (R =  Me)' we r e  f or me d  v e r y
/ \ 89r e a d i l y  f rom ( 1 . 5 c y c l o - o c t a d i e n e - CuX; o T w h i c h  i s  known
e x i s t  a s  a d i m e r ,  i n  t h e  s o l i d  s t a t e  a t  l e a s t ,  i t  i s  
s u g g es  t e d  t h a t  i n  c o m p l e x e s  IV ( R = I . I e ) ,  n = 2 .
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The f a i l u r e  t o  p r e p a r e  c o m p l e x e s  V from  
( 1 ,  5 c . y d  o~ o° t a d i e n e -CuX ) o , s u g g e s t s  t h a t  i n  c o m p l e x e s  V,  
n may he g r e a t e r  t h a n  2 .
The p r e p a r a t i o n  o f  c o m p l e x e s  IV (R=r P h)  v i a  
( l t 5 c y c l o - o c t a d i e n e - C u X )  ^ d i d  n o t  g o  as  r e a d i l y  a s  when  
R =M e ,  s o  t h a t  t h e  v a l u e  o f  n i n  IV (R = Ph) i s  i n  some  
doubt .  A l t h o u g h  i t  was  f o u n d  ( C h a p t e r  2 )  t h a t  i n  t h e  
p r e p a r a t i o n s  o f  c o m p l e x e s  I  and I I  t h e  r e a c t i o n s ,  w i t h  a 
g i v e n  Group VI m e t a l ,  w e r e  s l o w e r  when R = Ph t h a n  whe n  
R =. Me, i n  t h e  r e a c t i o n s  o f  Cp2 T i ( S F h )2  w i t h  
( l , 5 c y c l  o - o c  t a d i e n e -CuX)^ t h e r e  may Yrell  be  t i m e  f o r  
i s o m e r i s a t i o n  o f  t h e  l a t t e r  t o  t a k e  p l a c e  l e a d i n g  t o  a 
form o t h e r  t h a n  a d i m e r  b e i n g  p r e s e n t  a s  t h e  r e a c t i v e  
s p e c i e s .
I f  n = 2 ,  c o m p l e x e s  IV and  V w i l l  h a v e  s t r u c t u r e s  
s i m i l a r  t o  IVb ( F i g u r e  5 * l ) ,  w h e r e a s  i f  n i s  g r e a t e r  t h a n  2 ,  
s t r u c t u r e s  s i m i l a r  t o  IVc and IVd a r e  t o  be  e x p e c t e d .
( i n  F i g u r e  5 . 1 ,  t h e  ’’l i g a n d ” RS SR r e p r e s e n t s  b o t h  
HSCH2CH2 SR and Cp2 T i ( S R ) 2 ) .
As t h e  c o m p l e x e s  IV a r e  h i g h l y  i n s o l u b l e ,  o n l y  t h o s e  
t e c h n i q u e s  w h i c h  c a n  be a p p l i e d  t o  s o l i d s  c o u l d  be  u s e d  
to i n v e s t i g a t e  t h e  p r o p e r t i e s  o f  t h e s e  c o m p l e x e s .  The 
t hr e e  t e c h n i q u e s  u s e d  w e r e ,  X - r a y  powder p h o t o g r a p h y ,
/  \*
*
IVc
x  / *
Cu Cu £ u
R S j> R  R $J?R R $J?R
IV d
F i g u r e  5 • !  P o s s i b l e  s t r u c t u r e s  o f  t h e  c o m p l e x e s
( Cp 2 Ti £s r J 0 CuX ) ^ .  n * 2 , 4 >  a n d a l a r g e  nu
i n  I V b , I V c ,  and IVd r e s p e c t i v e l y .
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d i f f u s e  r e f l e c t a n c e  e l e c t r o n i c  ( 1 4  , 0 0 0 - 5 0  , 0 0 0 c m . 
s p e c t r o s c o p y ,  and f a r  i n f r a - r e d  ( 4 0 - 4 0 0 cm.  ~ )  s p e c t r o s c o p y .  
The i n f o r m a t i o n  o b t a i n e d  from t h e  f i r s t  two o f  t h e s e  t e c h ­
n i q u e s  w i l l  be  d i s c u s s e d  h e r e ,  b u t  t h e  f a r  i n f r a - r e d  
s p e c t r a  w i l l  be  c o n s i d e r e d ,  w i t h  s i m i l a r  d a t a  f o r  a l l  t h e  
h e t e r o n u c l e a r  c o m p l e x e s  p r e p a r e d ,  i n  t h e  f o l l o w i n g  
c h a p t e r .
The powder  p h o t o g r a p h s  o f  (C p2 Ti |j3I.IeJ 2CuCl ) n and
(Cp2 Ti  [  SMeJ^CuBr)^ a r e  v e r y  s i m i l a r ,  s u g g e s t i n g  t h a t  n
may h a v e  t h e  same v a l u e  i n  e a c h  c o m p l e x :  t h e  v a l u e  o f  n
i s  t h o u g h t  to  be  2 ,  f o r  t h e  r e a s o n  a l r e a d y  m e n t i o n e d  a b o v e .
The powder p h o t o g r a p h s  o f  t h e  p h e n y l  a n a l o g u e s  a r e  s i m i l a r
to e a c h  o t h e r ,  b u t  d i f f e r  n o t i c e a b l y  f rom t h o s e  o f  t h e
methy l  c o m p l e x e s ,  s u g g e s t i n g  t h a t  i n  ( Cp Ti SPh C u C l )
2 L J 2 n
and ( C p2 Tij^SPhJ2 8 u B r ) n t h e  v a l u e  o f  n i s  t h e  s ame ,  
a l t h o u g h  i t s  v a l u e  may d i f f e r  f rom t h a t  i n  t h e  a n a l o g o u s  
methy l  c o m p l e x e s .  L i t t l e  e m p h a s i s  c a n ,  h o w e v e r ,  be  
p l a c e d  on t h e s e  r e s u l t s ,  a s  t h e y  o n l y  g i v e  i n f o r m a t i o n  
a bo ut  c r y s t a l ,  r a t h e r  t h a n  m o l e c u l a r  s t r u c t u r e s .
The b an ds  o b s e r v e d  i n  t h e  d i f f u s e  r e f l e c t a n c e  
e l e c t r o n i c  s p e c t r a  o f  c o m p l e x e s  IV,  t o g e t h e r  w i t h  t h o s e  
bands o b s e r v e d  i n  t h e  s p e c t r a  o f  Cp2 T i ( S R ) 2 a r e  l i s t e d  i n  
Table 5 . 1 . T y p i c a l  s p e c t r a  o f  c o m p l e x e s  IV a r e  s hown i n  
F i g u r e  3 . 2 .
T a b l e  3«1
Bands o b s e r v e d  i n  t h e  e l e c t r o n i c  s p e c t r a  o f  c o m p l e x e s  I T .
C ompl e x O b s e r v e d  bands ( cm . ^ )
Cp2T i ( S K e ) 2 2 6600 1 9 0 0 0
Cp2 T i ( S P i i ) 2 2 5 0 0 0 183Q0
( C p 2T i  [S M e]2C u C l) 2 7 7 0 0 2 0 2 0 0 15 300
( C p 2T i  | S:'e JgC uB r) 2 27 7 0 0 2 0 2 0 0 1 5 8 0 0
( C p 2T i | S P h j 2C u C l ) n 26500 2 1 0 0 0 1 7 3 0 0
(C p 2T i  | S P h ] 2C uB r)Q 26300 2 1 7 0 0 1 7 3 0 0
100  1
60 I
A b s . 
« )
20 H
600400 500 700
24 22 20 13  1628
26
F i g u r e  5 * 2  D i f f u s e  r e f l e c t a n c e  e l e c t r o n i c  s p e c t r a  o f
( a )  (C p 2T i  [sMe JgCuBrJg and ( b )  ( C p^Ti | s P h J  ^C uC l) ^ .
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The m o s t  n o t i c e a b l e  f e a t u r e  i n  t h e  s p e c t r a  o f  
c o m p l e x e s  I V ,  a s  co m p a red  w i t h  t h o s e  o f  C p g T i C s R ^ j  i s  
the a p p e a r a n c e  o f  a new hand a t  1 7 , 3 0 0 cm.  ^ i n
(Cp2Ti
(Cp2 Ti
SPh \ "I2 CuX)n and a t  1 5 >300 a n d 1 5 » 8 0 0 c m .  i n
SMe „CuX) w i t h  X = C 1 and X = Br r e s p e c t i v e l y .J2  n
The two h i g h  e n e r g y  b an ds  a t  2 0 , 0 0 0 c m . a n d  2 7 , 0 00cm .  
( a p p r o x . )  a r e  a s s i g n e d  t o  c h a r g e  t r a n s f e r  t o  t i t a n i u m  
from s u l p h u r  and t h e  c y c l o p e n t a d i e n y l  r i n g s ,  r e s p e c t i v e l y ,  
by a n a l o g y  w i t h  t h e  s o l u t i o n  s p e c t r a  o f  Cp2 T i ( S R ) 2 * ( S e e  
C hap ter  1)  .
The new band i n  c o m p l e x e s  IV i s  t h o u g h t  t o  a r i s e  from  
a t r a n s i t i o n  i n v o l v i n g  b o t h  m e t a l s ,  i n  much t h e  same way  
as was s u g g e s t e d  f o r  c o m p l e x e s  I .  ( S e e  C h a p t e r  2 ) .  I n  
c o m p l e x e s  IV ,  a Cu—>Ti c h a r g e  t r a n s f e r ,  a s  i n  I V e ,  i s  
p o s t u l a t e d .
u
IVe
D e p e n d i n g  on t h e  v a l u e  o f  n ,  th e  m o l e c u l a r  s t r u c t u r e  o f  
c o m p l e x e s  IV w i l l  v a r y ,  b u t ,  c o n s i d e r i n g  o n l y  one  TiSCuS  
r i n g  a t  a t i m e ,  t h e  sym m etry  a r o u n d  T i  i s  s i m i l a r  t o  
t h a t  i n  C p ^ T ^ S R j g j  s o  t h a t  th e  new band i s  n o t  t h o u g h t
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to a r i s e  f rom  a weak band i n  Cp2 T i(S R )  w h i c h  g a i n s  i n
i n t e n s i t y  on c ompl e x a  t i o n .  The band i s  n o t  t h o u g h t  t o  be
s y s t e m  s i n c e  c o m p l e x e s  V a r e  w h i t e .  On t h e  o t h e r  h a n d ,  
s i n c e  t h e  e x t i n c t i o n  c o e f f i c i e n t s  o f  t h e  b an ds  a r e  unknown,  
the  r e l a t i v e  i n t e n s i t i e s  o f  t h e  bands  a r e  unknown and i t  
i s  n o t  p o s s i b l e  t o  a s s i g n  t h i s  new band c o m p l e t e l y  
u n a m b i g u o u s l y .
U n l i k e  t h e  c o r r e s p o n d i n g  s p e c t r a  o f  c o m p l e x e s  I ,  t h e  
h ig h  e n e r g y  p e a k s  i n  Cp^TiCSRjg h a v e  moved t o  e v e n  h i g h e r  
e n e r g y  on f o r m a t i o n  o f  c o m p l e x e s  IV .  The i n c r e a s e d  e n e r g y  
r e q u i r e d  f o r  t h e s e  t r a n s i t i o n s  t o  t a k e  p l a c e  i s  t o  be  
e x p e c t e d  i f  t h e  c o p p e r  atom i s  now p u s h i n g  e l e c t r o n s  o n t o  
t i t a n i u m ,  a s  i n  I V e ,  making  t h e  t i t a n i u m  atom l e s s  
el  e c t r o p h i l i c . T h e s e  o b s e r v a t i o n s  w o u l d  seem  t o  i n d i c a t e  
t h a t  t h e  c h a r g e  t r a n s f e r  from s u l p h u r  and from t h e  c y c l o -  
p e n t a d i e n y l  r i n g s  i s  i n f l u e n c e d  by  c h a r g e  t r a n s f e r  from  
cop per  t o  t i t a n i u m .  T h is  s e e m s  r a t h e r  more c l e a r  c u t  
than i n  c o m p l e x e s  I ,  w h e r e  t h e r e  d o es  n o t  seem  t o  be  a n y  
c o r r e l a t i o n  b e t w e e n  c h a r g e  t r a n s f e r  from t h e  r i n g s  t o  
t i t a n i u m  and from M' t o  t i t a n i u m .  ( S e e  C h a p t e r  2 ) .
B e c a u s e  o f  th e  p r e s e n c e  o f  s u c h  a c h a r g e  t r a n s f e r  
l a n d ,  t h e  e x i s t e n c e  o f  a Cu—>Ti d a t i v e  bond i s  p o s t u l a t e d .
a s s o c i a t e d  w i t h  a n y  t r a n s i t i o n s  i n v o l v i n g
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By c h o o s i n g  a s u i t a b l e  h y b r i d i s a t i o n  sch em e  f o r  t h e  o r b i t a l s  
on c o p p e r  and t i t a n i u m ,  a s u i t a b l e  f i l l e d  c o p p e r  o r b i t a l  
can  o v e r l a p  w i t h  t h e  v a c a n t  o r b i t a l  on t i t a n i u m  f o r m i n g  a 
Cu—»Ti bond e x a c t l y  a n a l o g o u s  t o  t h e  M1 —>Ti bond  
p o s t u l a t e d  i n  c o m p l e x e s  I .
CHAPTER 4
The F a r  I n f r a - R e d  S p e c t r a  ( 400-4-Ocin.  )
o f  Mul t i - 5 e t e r o n u c l e a r  C o m p l e x e s .
T h i s  c h a p t e r  w i l l  be  c o n c e r n e d  w i t h  t h e  f a r  i n f r a ­
red  s p e c t r a  ( 4 0 0 - 4 0 c m .  ^ ) o f  th e  m u l t i - h e t e r o n u c l e a r  
c o m p l e x e s  p r e p a r e d .  Each o f  t h e s e  c o m p l e x e s  h a s  an MBM*B 
r i n g  ( B i s  a b r i d g i n g  l i g a n d  and M and M1 a r e  t r a n s i t i o n  
m e t a l s )  w h i c h  may or may n o t  h a v e  an  H-M1 b o n d .  The 
a s s i g n m e n t s  w h i c h  h a v e  b e e n  made a r e ,  f o r  t h e  m ain  p a r t ,  
t h o s e  a s s o c i a t e d  w i t h  M-B and M'-B s t r e t c h i n g  and b e n d i n g  
modes i n  t h i s  4 membered r i n g .
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B e f o r e  c o n s i d e r i n g  th e  i n d i v i d u a l  s p e c t r a  i n  d e t a i l ,  
i t  w i l l  he  n e c e s s a r y  t o  d e s c r i b e  t h e  b a s i s  on -which t h e  
v a r i o u s  a s s i g n m e n t s ,  a s s o c i a t e d  w i t h  th e  v i b r a t i o n s  o f  t h e  
M-B and M*-B b o n d s ,  h a v e  b e e n  made.  As an  e x a m p l e ,  i t  w i l l  
be i n s t r u c t i v e  t o  c o n s i d e r  one o f  t h e  c o m p l e x e s  d i s c u s s e d  
i n  C h a p t e r  2 ,  C P2 Ti j^MeJ 2Mo( CO)^ ( a ) ,  w h i c h  h a s  a TiSMoS 
4 membered r i n g .
92An a t t e m p t  h a s  r e c e n t l y  b e e n  made t o  work  o u t  t h e
d e t a i l e d  v i b r a t i o n s  e x p e c t e d  i n  h o m o d i n u c l e a r  b r i d g e d
c o m p l e x e s ,  b u t  t h e  r e s u l t s  a r e  n o t  a p p l i c a b l e  t o  t h e
c o m p l e x e s  p r e p a r e d  i n  t h i s  p r e s e n t  r e s e a r c h  s i n c e  t h e s e
are he t e r o n u c l e a r  s p e c i e s .  A l s o ,  t h e  a s s i g n m e n t s  made i n
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the l i t e r a t u r e  r e p o r t  a r e  b a s e d  o n - u n a m b ig u o u s  a s s i g n m e n t s  
from m odel  s y s t e m s .
I n  t h e  c o m p l e x e s  Cp2T i ( S M e ) 2 and MeSCE2CH2 SMeMo(C0)4 
the m e t h y l e n e  a n d / o r  m e t h y l  g r o u p s  a t t a c h e d  t o  s u l p h u r  
are l i g h t  a s  c o m p a r e d  w i t h  s u l p h u r ,  and t h e  C-S s t r e t c h i n g  
f r e q u e n c y  i s  much h i g h e r  t h a n  t h a t  o f  t h e  T i - S  and t h e  Mo-S 
s t r e t c h i n g  v i b r a t i o n s ,  h e n c e  s y m m e t r i c  and a s y m m e t r i c  
Ti-S and  Mo-S s t r e t c h i n g  v i b r a t i o n s  c a n  e x i s t  i n  t h e s e  
c o m p l e x e s .  E o v /e v e r ,  i n  A t h i s  a p p r o x i m a t i o n  d o e s  n o t  h o l d  
s i n c e  t h e  two m e t a l  a t o m s ,  or more e x a c t l y ,  t h e  Cp2 Ti  
and H o ( C 0 ) 4 g r o u p s  a r e  h e a v y  as  com p ared  w i t h  s u l p h u r .  
T h e r e f o r e ,  p ure  T i - S  and Mo-S s t r e t c h i n g  v i b r a t i o n s  c a n n o t
6 4
e x i s t  s i n c e  t h e  S - m e t h y l  g r o u p s  a r e  r e s t r i c t e d  i n  t h e i r  
m o t io n  r e l a t i v e  to  Ti  and Mo by  b e i n g  " a n c h o r e d "  t o  t h e  
h e a v y  Mo(CC>)^ and C?2 Ti g r o u p s ,  r e s p e c t i v e l y .
One way o f  l o o k i n g  a t  A i s  to  c o n s i d e r  t h e  two h e a v y  
g r o u p s ,  CppTi and Mo(CO) , a s  b e i n g  f i x e d ,  l e a v i n g  t h e  
S - m e t h y l  g r o u p s  f r e e  t o  v i b r a t e  i n  b e t w e e n .  I n  t h i s  way  
the v i b r a t i o n s  o f  t h e  S - m e t h y l  g r o u p s ,  a s  a w h o l e ,  c a n  
be d i v i d e d  i n t o  two c l a s s e s :  t h o s e  w h i c h  a r e  i n  t h e  p l a n e
o f  t h e  r i n g ,  and t h o s e  w h i c h  a r e  p e r p e n d i c u l a r  t o  i t .
V i b r a t i o n s  o f  t h e  S - m e t h y l  g r o u p  i n  t h e  p l a n e  o f  t h e  r i n g  
can  be  l o o k e d  up on  a s  b e i n g  compounded from  T i - S  and Mo-S 
s t r e t c h i n g  and b e n d i n g  m o d e s ,  w h e r e a s  t h o s e  v i b r a t i o n s  
p e r p e n d i c u l a r  t o  t h e  r i n g  a r e  made up o f  T i - S  and Mo-S 
b e n d in g  and t w i s t i n g  m o d e s .  For  t h e  p u r p o s e s  o f  t h i s  
d i s c u s s i o n ,  o n l y  t h o s e  v i b r a t i o n s  o f  t h e  S - m e t h y l  g r o u p s  
i n  t h e  p l a n e  o f  t h e  r i n g  w i l l  be  c o n s i d e r e d .  The o u t  o f  
p la n e  v i b r a t i o n s  w h i c h  c o n t a i n  c o n s i d e r a b l e  am ou n ts  o f  
b en d in g  and t w i s t i n g  modes w i l l  p r o b a b l y  come a t  v e r y  
1 ow f  r  e qu e nc i  e s .
I n  t h e  p l a n e  o f  t h e  r i n g  e a c h  o f  t h e  S - m e t h y l  g r o u p s ,
as a w h o l e ,  w i l l  h a v e  2 d e g r e e s  o f  f r e e d o m ,  h e n c e  4
p o s s i b l e  v i b r a t i o n a l  modes  o f  t h e s e  g r o u p s  a r e  e x p e c t e d .  
N e g l e c t i n g  t h e  m e t h y l  g r o u p s  a t t a c h e d  t o  s u l p h u r ,  t h e  
TiSMoS r i n g  i n  A h a s  C2V s ym m etry  w i t h  t h e  C2 a x i s  a l o n g
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the l i n e  j o i n i n g  t h e  two m e t a l  a t o m s .  The i n d i v i d u a l
movements d e s c r i b e d  by e a c h  o f  t h e  s u l p h u r  a tom s  i n  an y  o f
the  p o s s i b l e  v i b r a t i o n a l  modes m u st  t r a n s f o r m  among
t h e m s e l v e s  u n d e r  t h e  e l e m e n t s  o f  C s y m m e tr y .  T h u s ,
2v
movements o f  t h e  s u l p h u r  atoms as  i n  l a  ( F i g u r e  4 . 1 ) do 
not  c o n s t i t u t e  a f u n d a m e n t a l  v i b r a t i o n ,  b u t  t h o s e  
movements o f  t h e  s u l p h u r  atom s  a s  i n  I b , I c , I d ,  and I e  
( F i g u r e  4 « l )  do c o n s t i t u t e  f u n d e m e n t a l  m o d e s .  T h es e  
v i b r a t i o n s  t r a n s f o r m  u n d e r  a s  shown i n  F i g u r e  4*1
and, a s  t h e r e  w i l l  be  s t r o n g  c o u p l i n g  b e t w e e n  t h o s e  
v i b r a t i o n s  o f  t h e  same s y m m etry  s p e c i e s ,  i . e .  t h e r e  w i l l  
be c o u p l i n g  b e t w e e n  l b  and Ic  and b e t w e e n  I d  and I e ,  
v i b r a t i o n a l  modes  s u c h  a s  I f , I g , I h ,  and I i  a r e  t o  be  
expec t e d .
The p r e r e q u i s i t e  f o r  i n f r a - r e d  a c t i v i t y  i s  an  
o s c i l l a t i n g  d i p o l e ,  and  t h e  s i z e  o f  t h e  d i p o l e  g o v e r n s  t h e  
i n t e n s i t y  o f  t h e  peak o b s e r v e d  i n  t h e  i n f r a - r e d  s p e c t r u m .  
S in c e  e a c h  o f  t h e  v i b r a t i o n a l  modes  I f - I i  g i v e s  r i s e  t o  
an o s c i l l a t i n g  d i p o l e ,  as  many a s  4 p eak s  a r i s i n g  f ro m  
s i m u l t a n e o u s  d i s t o r t i o n s  0 f  t h e  T i - S  and Mo-S bonds  c a n  
r e a s o n a b l y  b e  e x p e c t e d  i n  th e  f a r  i n f r a - r e d  s p e c t r u m  o f  A.  
The m a g n i t u d e  o f  t h e  o s c i l l a t i n g  d i p o l e s  ma5'- d i f f e r  i n  
v i b r a t i o n a l  modes s u c h  as  I f - I i  and h e n c e  t h e r e  a r e  l i k e l y  
to be v a r i a t i o n s  i n  t h e  i n t e n s i t i e s  o f  t h e  o b s e r v e d  p e a k s ,
aad t h e  p o s s i b i l i t y  t h e r e f o r e  a r i s e s  t h a t ,  o f  th e  4 p e a k s
t
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F i g u r e  4*1  P o s s i b l e  v i b r a t i o n s  i n  t h e  TiSMoS r i n g  i n  
Cp2Ti£sMeJ 2Mo(C0)4 .
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e x p e c t e d ,  some may be t o o  weak t o  be o b s e r v e d .  The e x p e c t e d  
peaks may a l s o  o c c u r  o v e r  a f a i r l y  w i d e  r a n g e  o f  f r e q u e n c i e s  
d e p e n d in g  on t h e  r e l a t i v e  amounts  o f  b e n d i n g  and s t r e t c h i n g  
modes w h i c h  c o m b in e  t o  p r o d u c e  t h e  i n d i v i d u a l  v i b r a t i o n s  <,
I f  t h e  M-B and th e  M'-B bonds  i n  t h e  MBM1B r i n g  a r e  o f  
c o m p a r a b le  s t r e n g t h  t h e n  th e  v i b r a t i o n s  t h a t  h a v e  a l r e a d y  
been d e s c r i b e d  a r e  t o  be  e x p e c t e d .  I f ,  h o w e v e r ,  t h e  M-B 
bonds a r e  v e r y  much s t r o n g e r  t h a n  t h e  M'-B b o n d s  t h e n  
the v i b r a t i o n s  i n  t h e  MBM'B r i n g  a r e  e x p e c t e d  t o  
a p p r o x i m a t e  t o  p ure  v i b r a t i o n s  o f  t h e  M-B b o n d s .  I n  o t h e r
iI words ,  t h e  s p e c t r u m  o f  a c o m p le x  s u c h  a s  ( l ) M. M ' ( l )
* x  b y
in  w h i c h  t h e  M'-B bonds  a r e  v e r y  w ea k ,  w i l l  be  s i m i l a r
to t h a t  o f  t h e  m o n o n u c l e a r  c o m p le x  ( l ) M*^  , a s  f a r  a s
\ B
v i b r a t i o n s  i n  t h e  MBM'B r i n g  a r e  c o n c e r n e d .  I t  s h o u l d  be  
p o i n t e d  o u t  t h a t  t h e  M'-B bonds  m u st  be v e r y  weak  a s  
compared w i t h  t h e  M-B b o n d s  f o r  t h e  a b o v e  h y p o t h e s i s  t o  
be c o r r e c t  s i n c e  an  a n a l o g y  m i g h t  be  drawn w i t h  h y d r o g e n
bonded s p e c i e s  s u c h  a s  E - 0  H, w h e re  a c o m p a r a t i v e l y  weak
0 H bond c o n s i d e r a b l y  r e d u c e s  t h e  0-H s t r e t c h i n g  f r e q u e n c y .
C e r t a i n  e x p e r i m e n t a l  d i f f i c u l t i e s  w e r e  e n c o u n t e r e d  i n  
r e c o r d i n g  some o f  th e  s p e c t r a .  The f i n e ,  p owdery  form  
of some o f  t h e  c o m p l e x e s  r e n d e r e d  them h i g h l y  e l e c t r o s t a t i c , '  
and when " R i g i d e x "  d i s c s  w ere  made up ,  t h e  c o m p l e x e s  t e n d e d
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to c o n c e n t r a t e  on th e  p e r i p h e r y  o f  th e  d i s c ,  l e a v i n g  a 
v e r y  lov/  c o n c e n t r a t i o n  o f  th e  c o m p l e x e s  i n  t h e  c e n t r e  o f  
the  d i s c ,  w h i c h  i s ,  o f  c o u r s e ,  th e  p a r t  i l l u m i n a t e d  by  th e  
beam. T h i s  r e s u l t e d  i n  v e r y  weak p eak s  i n  t h e  s p e c t r a ,  
and t h e  p e a k s  c o u l d  n o t ,  i n  some c a s e s ,  be  d i s t i n g u i s h e d  
from t h e  b a c k g r o u n d  n o i s e .
I n  v i e w  o f  t h e  a s s u m p t i o n s  made as  t o  t h e  number and  
i n t e n s i t i e s  o f  t h e  p e a k s  t o  be  e x p e c t e d  i n  c o m p l e x e s  
c o n t a i n i n g  a n  MBM'B r i n g ,  a l l  th e  a s s i g n m e n t s  a r e  o f  a 
v e r y  t e n t a t i v e  n a t u r e .
93 ,A t t e m p t s  t o  a s s i g n  tn e  p e a k s  m  t h e  f a r  i n f r a - r e d
s p e c tr u m  o f  C p g l i C ^  h a v e  met w i t h  l i t t l e  s u c c e s s .
C om p ar ison  o f  t h e  s p e c t r a  o f  Cp2 T i C l 2 ( F i g u r e  4 * 2 )  and
C P2 T i (  S^'e) 2 ( F i g u r e  4 * 3 ) shows t h a t  t h e y  h a v e  an  o v e r a l l
s i m i l a r i t y  e x c e p t  t h a t  th e  p ea k s  a t  246 and 2 7 6 cm. i n
-1
Cp2 T i C l 2 a r e  r e p l a c e d  by a s i n g l e  peak a t  2 8 0 cm. i n
C?2 ^ i (  SMe) ^ > a nd w h e r e a s  2 p e a k s  a t  360  and 4 0 5 cm «  ^ a r e
found i n  C p gT iC lg*  i n  C p g T i f S M e ^  peaks  a t  565 an(* 392cm.
are  o b s e r v e d .  The p e a k s  a t  365 and 3 9 2 cm."*1 i n  Cp T i ( S M e ) 2
are  a s s i g n e d  t o  T i - S  s t r e t c h i n g  m o d e s .  T h e s e  a r e  i n
94a p p r o x i m a t e  a g r e e m e n t  w i t h  r e p o r t e d  T i - S  s t r e t c h i n g
f r e q u e n c i e s  i n  (lTMe0 ) _ T i ( S 3 t )  and ( NMe ) T i ( S E t ) . The
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peaks a t  ^80 and 305cm. i n  C P2 Ti( Sl.'Ie) 2 a r e  t h o u g h t  to  
be due t o  T i - c y c 1 0 p e n t a d i e n y l  r i n g  v i b r a t i o n s .
The s p e c t r u m  o f  Cp2 T i ( S P h )  ( F i g u r e  4 . 4 ) shows r a t h e r  
broad p e a k s  a t  264 and 30 7 c m . w h ic h  c a n  be e q u a t e d  w i t h  
t h o s e  a s s o c i a t e d  w i t h  t h e  T i - r i n g  v i b r a t i o n s  a t  280  and  
305cm . " 1 i n  Cp2 T i ( S i t e ) 2 . P eak s  a t  3 3 0 , 3 4 0 , 3 5 8 ,  and 3 8 0 c m . " 1 
may a r i s e  from  s t r e t c h i n g  v i b r a t i o n s  o f  t h e  T i - S - P h  
m o i e t i e s .  The v i b r a t i o n s  o f  t h e  T i - S - P h  m o i e t i e s  w o u l d  
p r o b a b ly  be  e x p e c t e d  t o  be  more c o m p l i c a t e d  t h a n  t h o s e  o f  
the T i - S - M e  s e q u e n c e  s i n c e  t h e r e  a r e  low  e n e r g y  v i b r a t i o n s  
of  th e  p h e n y l  r i n g  i n  th e  fo r m e r  w h ic h  may w e l l  c o m b in e  
w ith  t h e  T i - S  s t r e t c h i n g  v i b r a t i o n s .  (C om pare  t h e  s p e c t r u m  
o f  PhSCH2 CH2 SPh,  F i g u r e  4 . 5 ) .
Broad p e a k s  i n  t h e  s p e c t r u m  o f  r.IeSCHgCHgSMeWf C 0 ) ^  
( F i g u r e  4 *6 ) a t  9 5 “l 2 0 cm. 1 and a t  3 8 4 cm. 1 m ust  be  
a s s i g n e d  to  C-7/-C b e n d i n g  and 77-C s t r e t c h i n g  v i b r a t i o n s ,
9 5 a  9 5 b
r e s p e c t i v e l y ,  a s  d e s c r i b e d  by J o n e s  and L e w is  . The 
weak p e a k s  a t  284 and 304cm. 1 i n  MeSCH2CH2 SMev7( C0 c a n  
t h e r e f o r e  be  a s s i g n e d  to  7/-S s t r e t c h i n g  v i b r a t i o n s .  The 
c o r r e s p o n d i n g  s p e c t r u m  o f  HeSCH2CH2SI.TeMo(CO)^ was n o t  
o b t a i n e d  b e c a u s e  o f  t h e  e x p e r i m e n t a l  d i f f i c u l t i e s  m e n t i o n e d
a b o v e .
The m ain  f e a t u r e  o f  t h e  s p e c t r a  o f  c o m p l e x e s  I 
( F i g u r e s  4 . 7 - 4 . IO )  i s  t h e  l a r g e  i n c r e a s e  i n  t h e  number
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of p eak s  i n  t h e  r e g i o n  2 3 0 - 4 0 0 c m .  1 , a s  com pared  w i t h
Cp2 T i ( S R ) 2 > e v e n  a l l o w i n g  f o r  t h e  p r e s e n c e  o f  p ea k s  a r i s i n g
from 7J-C s t r e t c h i n g  v i b r a t i o n s  as  a r e  o b s e r v e d  i n
MeSC^Cb^SMeVKCO)^. T h is  i n c r e a s e  i n  t h e  number o f  p eak s
i s  p a r t i c u l a r l y  n o t i c e a b l e  when t h e  s p e c t r u m  o f  C p ^ T i ^ M e ^
i s  c o m p a r e d  w i t h t h a t  o f  C p2 Ti [ s i l e j 27f( C 0 ) 4 . A l l  t h e
s p e c t r a  o f  C p2 Ti | s M e J 2 Mo( 0 0 ) ^  w ere  o f  r a t h e r  p o o r e r
q u a l i t y  t h a n  t h o s e  o f  t h e  c o r r e s p o n d i n g  t u n g s t e n  c o m p l e x ,
but  t h e  a s y m m e tr y  on th e  lo w  e n e r g y  s i d e  o f  th e  h i g h e s t
e n e r g y  p ea k  s u g g e s t s  th e  p r e s e n c e  o f  more peak s  i n  t h e
r e g i o n  3 OO- 3 6 5 cm. -1  i n  t h e  s p e c t r u m  o f  C p g T i ^ S M e ^ ^ C c o ) ^ .
The o v e r a l l  s i m i l a r i t y  o f  t h e  s p e c t r a  o f  Cp2 T i ( S M e )2  and
CpgTij^SMeJ 2 '7 (C0 )^ b e l o w  2 8 0 c m . ”1 , a p a r t  f ro m  t h e  peak  a t
92cm. i n  t h e  l a t t e r ,  w h i c h  c a n  be a s s i g n e d  t o  C-W-C b e n d i n g
v i b r a t i o n s ,  i n d i c a t e s  t h a t  i f  a n y  peaks  a r i s i n g  f r o m
s i m u l t a n e o u s  d i s t o r t i o n s  o f  t h e  T i - S  and 7,T~S b o n d s  o c c u r ,
-1
t h e y  m u s t  be i n  t h e  r a n g e  2 8 0 - 4 0 0 cm.
Removal  o f  t h e  p ea k s  a t  3 6 8 , 3 7 6 , and 382cm. a s  b e i n g  
due to  7/-C s t r e t c h i n g  v i b r a t i o n s ,  l e a v e s  p e a k s  a t  2 9 6 , 3 1 7 >
324 > and 3 4 5 cm . ”1 w h i c h  a r e  n o t  p r e s e n t  i n  t h e  s p e c t r u m  o f  
Cp2 T i ( S M e ) 2 , a l t h o u g h  t h e  peak a t  3 0 5 c m . ”1 , p r e s e n t  i n  
Cp2 T i ( S H e ) 2 > i s  a b s e n t  from th e  s p e c t r u m  o f
Cp2 Ti file] 27/(CO)^. T h i s  l a s t  m e n t i o n e d  p ea k  may be  e q u a t e d
-1
w i t h  t h e  s h a r p ,  th ou gh  r e l a t i v e l y  weak peak  a t  2 9 6 cm. ” i n
s p e c t r u m  o f  C p2 Ti j^SMeJ2:.7( CO)
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The p ea k s  w h i c h  r e m a i n ,  i . e .  t h o s e  a t  3I 7 , 3 2 4 , and  
-1
345cm. , a r e  t h e r e f o r e  a s s i g n e d  to  v i b r a t i o n s  a r i s i n g
from s i m u l t a n e o u s  d i s t o r t i o n s  o f  t h e  T i - S  and W-S b on d s  
i n  t h e  TiSV/S r i n g .  A l t h o u g h  s i m i l a r  peaks  c a n n o t  be  
l o c a t e d  a c c u r a t e l y  i n  t h e  s p e c t r u m  o f  Cp^Ti jjSMeJgMoC CO) ^ , 
i t  i s  i n f e r r e d  from th e  a sym m etry  o f  th e  h i g h e s t  e n e r g y  
p e a k ,  t h a t  s u c h  p ea k s  a r e  p r e s e n t  b e t w e e n  3 OO and 3 6 0 cm. ^ .
The s p e c t r a  o f  MeSCHgCHgSMeC^ CO and C ppTi  j^SMeJgCr ( C 0 ) ^  
w h ic h  w e r e  o b t a i n e d  w ere  o f  v e r y  poor  q u a l i t y  and h a v e  
t h e r e f o r e  b e e n  l e f t  o u t  o f  th e  a b o v e  d i s c u s s i o n .
The d i f f e r e n c e s  i n  t h e  s p e c t r a  o f  Cp^TiCSPh)^ a nd o f  
c o m p l e x e s  I  (R = Ph) ( F i g u r e s  4 - 9  a nd 4 * 1 0 )  l i e  i n  th e  
r a n g e  2 2 0 - 4 0 0 cm. ^  w h i c h ,  u n l i k e  t h e  d i f f e r e n c e s  i n  t h e  
s p e c t r a  o f  t h e  m e t h y l  a n a l o g u e s ,  c o v e r s  t h e  T i - c y c l o -  
p e n t a d i e n y l  r i n g  v i b r a t i o n s .  T h i s  s u g g e s t s  t h a t  i n  
c o m p l e x e s  I  (R=Ph)  th e  c y c l o p e n t a d i e n y l  r i n g s  a r e  c h a n g e d  
i n  some way a s  com p ared  w i t h  th e  c y c l  o p e n t a d i e n y l  r i n g s  i n  
Cp2 T i ( S P h )2  i t s e l f *  The m o s t  p r o b a b l e  e x p l a n a t i o n  o f  t h i s  
d i f f e r e n c e  b e t w e e n  m e t h y l  and p h e n y l  d e r i v a t i v e s  i s  t h a t  
t h e r e  a r e  s t e r i c  i n t e r a c t i o n s  b e t w e e n  t h e  p h e n y l  and  
c y c l o p e n t a d i e n y l  r i n g s ,  w h e r e a s  no s u c h  i n t e r a c t i o n s  o c c u r  
w i t h  t h e  s m a l l e r  m e t h y l  g r o u p s .  I t  s h o u l d  be rem em b ered  
t h a t  t h e r e  w e r e  d i f f e r e n c e s  o b s e r v e d  i n  t h e  c a r b o n y l  
s t r e t c h i n g  f r e q u e n c i e s  o f  c o m p l e x e s  I  on c h a n g i n g  a m e t h y l
71
g r o up  f o r  a p h e n y l  g r o u p ,  s o  t h a t  t h e s e  two o b s e r v a t i o n s  
may w e l l  be r e l a t e d .
The c o m p l e x  n a t u r e  o f  t h e  s p e c t r u m  o f  Cp2 T i ( s P h ) 2 i n  
the  r a n g e  300 - 400 CI11» a dded t o  t he  f a c t  t h a t  t h e r e  w i l l  
be p e a ks  a r i s i n g  f r om M1 -C s t r e t c h i n g  v i b r a t i o n s  i n  
c o m p l e x e s  I i n  t h i s  r e g i o n ,  make a s s i g n m e n t s  o f  t h e  p e a ks  
a r i s i n g  f ro m  s i m u l t a n e o u s  d i s t o r t i o n s  o f  t h e  T i - S  and Hf - S  
bonds  v e r y  a r b i t r a r y .  Ho we v e r ,  t h e  peak a t  338cm.  1 i n  
Cp2 T i £ s P h J 2Mo(CO)4 and a t  340c m . " 1 i n  Cp2T i£ sP h J  2”T( c ° ) 4 
a re  t e n t a t i v e l y  a s s i g n e d  t o  s u c h  v i b r a t i o n s  on t h e  g r o u n d s  
! t h a t  no s t r o n g  p e a k s  a t  t h e s e  f r e q u e n c i e s  o c c u r  i n  t h e  
s p e c t r u m  o f  Cp2T i ( S P h ) 2 .
2 ) The C o m d e x e s  Ph2PCH20H2 PPh2M [sH e] J .V  (CO)
( H - P d , ? t ;  IV -  Ho,H)  .
E x t re me  e x p e r i m e n t a l  d i f f i c u l t i e s  w e r e  e n c o u n t e r e d
i n  r e c o r d i n g  t he  s p e c t r a  o f  t h e  c o m p l e x e s  ( L-L ) M|j3RJ^M1 ( C 0 )^ ,
I I ,  b e c a u s e  o f  th e  e l e c t r o s t a t i c  phenomenon m e n t i o n e d
e a r l i e r .  Of a l l  t h e  c o m p l e x e s  I I  ( S e e  C h a p t e r  2 ) o n l y
Ph £ PC H 2C H 2 PIPh 2II LleJ 21.I o ( C 0)  ^  ( l i = r P d , P t )  and
Hi2PCH2CH2PPh2 P t  [ s MeJ27/(CO) 4 y i e l d e d  s p e c t r a  w i t h  p e a k s
s t r o n g  e n o u g h  t o  d i s t i n g u i s h  b e t w e e n  g e n u i n e  p e a k s  and
b a c k g r o u n d  n o i s e .  The s p e c t r a  w h i c h  w e r e  o b t a i n e d ,  w e r e
-1
o n l y  s a t i s f a c t o r y  i n  t h e  r a n g e  2 4 0 - 4 0 0 c m .  . The r e c o r d e d
72
s p e c t r a  a r e  show n i n  F i g u r e  4 . 1 1 ,  and t h o s e  o f  
PhrjPCH^CI^ PPh2 ll( SLle) g ( K ~ P d , P t )  a r e  shown i n  F i g u r e s
4 .1 2  and 4 . 1 3 *
The c o m p l e x  Ph2 PCH2CH2 PPh2 Pd |j3MeJ 2 M°( C 0 ) 4  shows 2 weak  
peaks a t  238 and 293cm. and 2 s t r o n g e r  p ea k s  a t  320  and  
374cm. 1 , t h e  l a s t  m e n t i o n e d  h a v i n g  s h o u l d e r s  a t  3 5 8 , 3 6 4 , 
and 3 4 9 cm. ’ . The h i g h e s t  and l o w e s t  e n e r g y  s h o u l d e r s  
are p r o b a b l y  t h e  same p e a k s  t h a t  o c c u r  i n  t h e  s p e c t r u m  o f  
Ph2 PCH2 CH2 PPh2 Pd( SMe) g a t  358 and 392cm. The s t r o n g
peak a t  3 7 4 cm.  ^ and t h e  w eak er  one a t  3 6 4 cm. 1 a r e  a s s i g n e d  
to Mo-C s t r e t c h i n g  v i b r a t i o n s .  Any two o f  th e  t h r e e  
r e m a i n i n g  p e a k s  a t  2 8 3 ,  2 9 8 , and 3 2 0 cm. " 1 a r e  s u f f i c i e n t l y  
d i f f e r e n t  i n  r e l a t i v e  p o s i t i o n s  or i n t e n s i t i e s  from t h o s e  
o b s e r v e d  a t  2 8 0 ,  307 > and 320cm. i n  PhgPCHgCHgPPl^PdC SMe) 
to a s s i g n  them t o  s o m e t h i n g  o t h e r  th a n  pure Pd-S s t r e t c h i n g  
v i b r a t i o n s .  (T h e  p eak s  a t  3O7 and 3 2 0 cm. 1 h a v e  a l r e a d y  
been a s s i g n e d  t o  Pd-S s t r e t c h i n g  v i b r a t i o n s ,  ( S e e  T a b l e  1 . 1 ) )  
Thus t h e  p e a k s  a t  2 8 3 ,  2 9 8 , and 3 2 0 cm. 1 i n  
Ph2 PCH2CH2 PPh2 Pd jsMe] 2 LIo( c ° ) 4  a r e  t h o u g h t  t o  a r i s e  from  
s i m u l t a n e o u s  d i s t o r t i o n s  o f  t h e  Pd-S  and Mo-S b onds  i n  t h e  
PdSMoS r i n g .
S i m i l a r l y ,  -the p e a k s  a t  293> 309 > and 32 4cm. 1 i n
PH2 PCH2 CH2 p ? h 2 P t [ s::ej 2 IIo^C 0 ^4 a n d  a t  291 ’ ^ ° 3 ’ a n d  324cm ."’ 1 
in  PrigPCHgCHg P?h2 Pt g’vCco)^ a r e  t h o u g h t  to  a r i s e  from
360280 320 400
F i g u r e  F ar  i n f r a - r e d  s p e c t r a  o f t -
( a )  Hi^PCH2Cff2 PPh2 Pd[sr.lej 2 Mo(C0) .
( b )  Pb2 PCH2CH2 PPh2 Pt[sMej  2'do{C0 )^.
( c )  Ph2 PCH2CH2 PPh2 Pt(^SMej 2W(C0)4 .
-1
c in.
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s i m u l t a n e o u s  d i s t o r t i o n s  o f  t h e  P t -S  and M'-S bonds  i n  
the PtSMoS and PtSV/S r i n g s .
On c o m p a r i n g  t h e  two s e t s  o f  r e s u l t s  f o r  c o m p l e x e s  I  
and I I ,  i t  i s  f o u n d  t h a t  i n  t h e  former ,  th e  peaks  a s s i g n e d  
to s i m u l t a n e o u s  d i s t o r t i o n s  o f  the  T i - S  and M '-S  bon ds  
occur a t  f r e q u e n c i e s  b e t w e e n  th e  pure  T i - S  and M'-S  
s t r e t c h i n g  f r e q u e n c i e s .  The c o r r e s p o n d i n g  p e a k s  i n  
c o m p le x e s  I I  o c c u r  a t  t h e  same f r e q u e n c i e s  as  pure  M-S 
and M'-S s t r e t c h i n g  v i b r a t i o n s .  I n  t h i s  r e s p e c t  t h e  
two s e t s  o f  r e s u l t s  a r e  c o n s i s t e n t *  b u t  i t  i s  r a t h e r  
s u r p r i s i n g  t h a t  t h e  v i b r a t i o n s  a r i s i n g  from s i m u l t a n e o u s  
d i s t o r t i o n s  o f  t h e  bon ds  i n  th e  c e n t r a l  m e t a l / s u l p h u r  4 
membered r i n g  do n o t  o c c u r  a t  l o w e r  f r e q u e n c i e s  s i n c e ,  
as m e n t i o n e d  e a r l i e r ,  t h e r e  w i l l  be a c e r t a i n  amount o f  
b en d ing  o f  t h e  b on d s  w h i c h  w i l l  c o n t r i b u t e  to  t h e  o v e r a l l  
v i b r a t i o n .  T h i s  s e e m i n g l y  an o m a lo u s  b e h a v i o u r  t e n d s  t o
9 6
c o n t r a d i c t  c o n c l u s i o n s  w h i c h  h a v e  b e e n  r e a c h e d  e l s e w h e r e  
c o n c e r n i n g  t h e  r e l a t i v e  e n e r g i e s  o f  m e t a l - t e r m i n a l  l i g a n d  
and m e t a l - b r i d g i n g  l i g a n d  v i b r a t i o n s  i n  h o m o d i n u c l e a r
c o m p l e x e s .  H o w e v e r ,  s i m i l a r ,  a p p a r e n t l y  a n o m a l o u s ,
97
b e h a v io u r  h a s  b e e n  r e p o r t e d  i n  h o m o d i n u c l e a r  c o m p l e x e s  
in  w h i c h  s u l p h u r  i s  a g a i n  th e  b r i d g e  f o r m i n g  a tom ,  s o  t h a t  
the a b i l i t y  t o  form s t r o n g  b r i d g e  bonds  u s i n g  i t s  l o n e  
p a ir s  may be a p e c u l i a r  c h a r a c t e r i s t i c  o f  s u l p h u r .
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3) The ^ c o m p l e x e s  (C.PpTi JsR J Q_CuX)-yi ( R -  Me , Ph ; X = C l , B r ) .
I f  n v a r i e s  i n  ( C p2 Ti JsrJ 2 CuX ) n , IV,  and  
(RSd^Cr^SRCuX ) n , 7", ( See  C h a p t e r  5 )* t he  m o l e c u l a r  s t r u c t u r e s  
of  IV and V w i l l  be  d i f f e r e n t ,  s o  t h a t  a s s i g n m e n t s  o f  t he  
peaks i n  t h e  s p e c t r a  o f  c o m p l e x e s  IV b a s e d  on peaks  o b s e r v e d  
i n  t he  s p e c t r a  o f  c o m p l e x e s  V, a r e  o f  a v e r y  t e n t a t i v e  
n a t u r e .  N e v e r t h e l e s s ,  b e c a u s e  o f  the  l a c k  o f  a v a i l a b l e  
dat a ,  b o t h  i n  t h i s  r e s e a r c h ,  and i n  t he  l i t e r a t u r e ,  
c o m p a r i s o n s  s u c h  a s  t h e s e  s e r v e  a s  t h e  o n l y  met h od  o f  
e x t r a c t i n g  i n f o r m a t i o n  from t he  f a r  i n f r a - r e d  s p e c t r a  o f  
j c o m p l e x e s  I V.
The s p e c t r a  o f  ( MeSCE^CE^SMeCuCl) n and ^
(MeSCH2 CH2 SI.IeCuBr ) n are shown in  Figures 4*14 and 4«l 5*
The b r o a d  peak  p r e s e n t  i n  b o t h  s p e c t r a  a t  205cm.  ^ i s
a s s i g n e d  t o  t e r m i n a l  Cu-S s t r e t c h i n g  v i b r a t i o n s .  There
s h o u l d ,  i n  f a c t ,  be  two s u c h  p e a k s ,  b u t  t h e  b r o a d n e s s  o f
the o b s e r v e d  p e a k ,  e v e n  a l l o w i n g  f o r  t he  i n h e r e n t  b r o a d n e s s
of  peaks  due t o  M-SIvIe s t r e t c h i n g  v i b r a t i o n s ,  s i n c e  t he  SMe
group i s  n o t  a n  e x a c t  p o i n t  m a s s ,  p r o b a b l y  i n d i c a t e s  t h a t
t here  a r e  two p e a ks  c l o s e  t o g e t h e r .  T h i s  f r e q u e n c y  ( 2 0 5 c m .  ^ )
i s  r a t h e r  l o w  c o m p ar e d  w i t h  t h e  Cu-S s t r e t c h i n g  f r e q u e n c i e s  
7 3o b s er v e d  i n  some c i s - 1 , 2 d i c y a h o e t h y l e n e  1 , 2 a i t h i o l a t e  
copper c o m p l e x e s .  Ho we v e r ,  i t  s h o u l d  be p o i n t e d  o u t  t h a t  
the C-S b on ds  i n  t h e  l a t t e r  c o m p l e x e s  a r e  c o v a l e n t  r a t h e r
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than d a t i v e  and a l s o  t h e  s u l p h u r  a t o ms  i n  t h e  l a t t e r
I Ic o mp l e x e s  a r e  a t t a c h e d  t o  Cu „ s o  t h a t  t he  two t y p e s  o f
Cu-S b o nds  a r e  n o t  r e a l l y  c o m p a r a b l e .  I t  h a s  a l s o  b e e n  
7 5 , 1 0 0
shown t h a t  M-S s t r e t c h i n g  f r e q u e n c i e s  c o v e r  a v e r y
wide r a n g e .
The peak a t  27 2cm.   ^ i n  ( MeSCH^CEgSMeCuCl ) n i s  t h o u g h t
to a r i s e  f rom a c o p p e r - b r i d g i n g  c h l o r i n e  v i b r a t i o n .  T h i s
1 0 1 , 8 8
f r e q u e n c y  i s  r a t h e r  h i g h  co mp a r e d  w i t h  t h a t  o b s e r v e d  
at 228cm.  ^  i n  ( l , 5 c y c l o - o c  t a d i e n e - C u C l ) ^ .  The a s s i g n m e n t s  
of Cu-S and C u - C l  s t r e t c h i n g  v i b r a t i o n s  i n  ( MeSCB^CHgSMeCuCl) 
are c o n s i s t e n t  i n  t h e m s e l v e s  i n  t h a t  a weak Cu-S bond w o u l d  
p r obab l y  be e x p e c t e d  w i t h  a s t r o n g  Cu-Cl  b o n d .  A l s o ,  t h e  
c o p p e r - b r i d g i n g  c h l o r i n e  s t r e t c h i n g  f r e q u e n c y  i n  
( l  , 5 c y c l o -  oc t a d i e n e - C u C l ) 2  may be  a n o m a l o u s l y  l o w  b e c a u s e  
of t h e  h i g h  t r a n s - e f f e c  t  o f  t h e  d i - o l e f i n .
I n  t h e  s p e c t r u m  o f  ( MeSC^Cl ^SMeCuBr) n no peak  7/ h i c h  
can be a s s i g n e d  t o  a c o p p e r - b r i d g i n g  b r o mi n e  s t r e t c h i n g  
v i b r a t i o n  i s  o b s e r v e d ,  s u g g e s t i n g  t h a t  i t  i s  maske d  b y  t h e  
Cu-S s t r e t c h  a t  2 0 5 cm.  ^ . S u p p o r t  f o r  t h i s  s u g g e s t i o n  
comes f rom t h e  f a c t  t h a t  t h i s  peak  h a s  g a i n e d  i n  i n t e n s i t y  
o n g o i n g  f rom ( MeSCH^CH^SMeCuCl) n t o  ( MeSCEgCB^SMeCuBr) .
C o m p a r i s o n  o f  t h e  s p e c t r u m  o f  PhSCHgCHgSPh ( F i g u r e  4 * 5 )  
wi t h  t h a t  o f  ( PhSCP^CB^SPhCuCl ) n ( F i g u r e  4 * 1 6 )  ( g o o d  q u a l i t y  
s p e c t r a  o f  ( PhSCHgCj^SPhCuBr) n w e r e  n o t  o b t a i n e d )  s u g g e s t s
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t h a t  t h e  r a t h e r  weak peak i n  t h e  l a t t e r  a t  2 9 2 cm.  1 i s
due t o  a c o p p e r - b r i d g i n g  c h l o r i n e  s t r e t c h i n g  v i b r a t i o n ,
-1
and t h a t  t h e  b r o a d  c o m p l e x  o f  peaks  a r o u n d  1 8 0 cm .  may .
be a s s o c i a t e d  w i t h  v i b r a t i o n s  o f  t he  Cu-SPh m o i e t y .  The
two p e a ks  a t  206 and 2 2 8 c m . ’ 1 i n  ( PhSCHgCHgSPhCuCl) may
a r i s e  f ro m s i m i l a r  v i b r a t i o n s  t o  t h o s e  g i v i n g  t h e  peak s
- 1
a t  225 and 2 3 6 cm. i n  t h e  f r e e  l i g a n d ,  a l t e r e d  i n  p o s i t i o n  
and i n t e n s i t y  on c o m p l e x  f o r m a t i o n .
%
A l l  t h e  peaks  i n  t he  s p e c t r a  o f  ( Cp2 T i | s M e J 2CuX) 2 »
(X = C l , B r )  ( F i g u r e s  4»17  a n & 4 * 1 8 )  b e l o w  280cm.  1 c a n  be  
e q u a t e d  w i t h  t h o s e  o b s e r v e d  i n  Cp2 T i ( S M e ) 2 , w i t h  t h e  
p o s s i b l e  e x c e p t i o n  o f  t h e  peak  a t  1 9 7 cm. ’ 1 i n  ?
(Cp2 Ti  j^SMe C u C l ) 2 . Thus ,  no peaks  c a n  be a s s i g n e d  t o
c o p p e r - b r i d g i n g  h a l o g e n  v i b r a - t i o n s .  The main  d i f f e r e n c e s  
o b s e r v e d  when t h e  s p e c t r u m  o f  Cp2 T' i (SMe)2 i s  c o m p ar e d  
w i t h  t h o s e  o f  ( C p2 Ti  jjSMeJ 2 CuX) 2 o c c u r  a b o v e  280cm.
No peak  i s  o b s e r v e d  i n  ( C p2 Ti j S^MeJ 2CuX )  ^ w h i c h  c o r r e s p o n d s  
to  t h e  peak  a t  3 0 5 cm.  1 i n  Cp2 T i ( S M e ) 2> and i n s t e a d  o f  t h e  
two s t r o n g  p e a ks  a s s i g n e d  t o  T i - S  s t r e t c h i n g  v i b r a t i o n s  
a t  365 a n i  39 2cm. 1 i n  C p ^ T ^ S M e ) ^ ,  w e a k e r  p e a ks  a t  37 2 and  
378cm.  1 i n  (C p2 Tij^SMej2 8 uCl  ) 2 an(  ^ a i  37 2 and 3 8 2 cm.  1 i n  
(Cp2 Ti JjSMe] 2^u®r ) 2 a r e  o b s e r v e d .
The a b s e n c e  o f  t h e  peak a t  385cm.  i n  ( C p 9 Ti  H 2CuX)2
i s  d i f f i c u l t  t o  r a t i o n a l i s e ,  b u t  i t  s h o u l d  be r e me mbe r e d
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t h a t  t h i s  peak i s  t h o u g h t  t o  h a v e  moved t o  l o w e r  f r e q u e n c y  
( 2 9 6 c m . ’’1 ) i n  C p2 Ti  j S^MeJ CO)^ , and t h e r e f o r e  i t  i s  
r e a s o n a b l e  t o  s u p p o s e  t h a t  t h e  c o r r e s p o n d i n g  p ea k  i n  
(Cp2T i  jjIJMe^CuX) 2 may masked b y  t h e  s t r o n g  p e a k  a t  
280c m . ” 1 .
The p e a ks  b e t w e e n  37 0 and 3 8 2 cm. 1 i n  (Cp2 Ti [sMe] 2 CuX ) 2 
a r e  t h o u g h t  t o  be  due  t o  T i - S  s t r e t c h i n g  v i b r a t i o n s ,  o n l y  
s l i g h t l y  m o d i f i e d  f r om t h o s e  o b s e r v e d  i n  Cp2 T i ( S M e ) 2 »
I f  t h e r e  had  b e e n  a d r a s t i c  m o d i f i c a t i o n  i n v o l v i n g  l a r g e  
c o n t r i b u t i o n s  f r om t h e  Cu-S s t r e t c h i n g  v i b r a t i o n s  t h e n  t h e  
peaks  a r i s i n g  f ro m  s i m u l t a n e o u s  d i s t o r t i o n s  o f  t h e  T i - S  h 
and Cu-S b on ds  w o u l d  be e x p e c t e d  a t  much l o w e r  f r e q u e n c i e s  
s i n c e  t h e  t e r m i n a l  Cu-S s t r e t c h i n g  v i b r a t i o n s  i n  
( MeSCH2 CE2 SMeCuX)2 a r e  o b s e r v e d  a t  2 0 5 cm.  I t  i s
t h e r e f o r e  i n f e r r e d  t h a t  t h e  Cu-S bond i s  e x t r e m e l y  weak  
as  c o mp a r e d  w i t h  t h e  T i - S  bond i n  ( C p 2Ti  j^SMeJ 2 Cu^ ) 2 *
C o m p a r i s o n  o f  t h e  s p e c t r a  o f  ( C p ^ T i J s P h J 2 CuX) n 
( F i g u r e s  4*1 9  and 4 * 2 0 )  w i t h  t h o s e  o f  ( PhSCB^CB^SPhCuCl) n 
and C p g T ^ S P h J g  shows  much g r e a t e r  d i v e r s i t y  t h a n  i s  
o b s e r v e d  i n  t h e  m e t h y l  c o m p l e x e s .  The d i f f e r e n c e s  b e t w e e n  
t h e  s p e c t r a  o f  Cp2 T i ( S P h ) 2 > ( 0 p 2 T i [ S Ph]  2C u C l ) n , and  
(Cp2 Ti  H  2C u B r ) n a r e  m o s t  marked a b o v e  2 2 0cm. 1 . The 
peaks  a t  267 and 3 0 4 cm.  1 i n  ( CP2 Ti j^SPh^CaCl ) n and a t  
266 and 2 9 6 cm. 1 i n  (Cp2T i [ S Ph] 2 C uB r ) n c a n  be e q u a t e d  w i t h
78
the  p e a k s  a t  264 a a d 3O7 cm.  ^ i n  Cp2 T i ( S P h )2  a l t h o u g h  t h e r e  
i s  c o n s i d e r a h l e  d e p e n d e n c e  on t h e  n a t u r e  o f  t h e  h a l o g e n  
as t o  t h e  r e l a t i v e  i n t e n s i t i e s  o f  t h e s e  p e a k s .  The s t r o n g  
peaks  a t  230 a n d 240cm.   ^ i n  (Cp^Ti  J S^PhJ 2Cu E r ) n and t he  
much w e a k e r  o n e s  a t  224 and 2 3 6 cm.  ^ i n  ( C?2 Ti £sPhJ g C u C l ) n 
a r e  n o t  o b s e r v e d  i n  Cp2 T i ( S P h ) 2 . N o t h i n g  r e a l l y  c o n s t r u c t i v e  
c a n  be  s a i d  a b o u t  t h e  p e a k s  o b s e r v e d  b e t w e e n  3 4 O and 4 0 0 cm .   ^
i n  t h e  s p e c t r a  o f  c o m p l e x e s  IV ( R = P h )  s i n c e  t h e  p e a ks  a r e  
too  numerous  and v e r y  w e a k .
I t  i s ,  however ,  s u g g e s t e d  t h a t  t h e  p r e s e n c e  o f  p e a ks  
i n  t h e  r e g i o n  2 2 0 - 2 4 0cm. “-I- i n  c o m p l e x e s  IV ( R ^ - P h )  w h i c h  
a r e  n o t  o b s e r v e d  i n  Cp2 T i ( S P h )2 niay a r i s e  f rom s i m u l t a n e o u s  
d i s t o r t i o n s  o f  t h e  T i - S Ph  and Cu-SPh bonds ,  b u t ,  s i n c e  t h i s  
s u g g e s t i o n  i s  o f  an  e x t r e m e l y  t e n t a t i v e  n a t u r e ,  i t  w o u l d  
be u n w i s e  t o  comment  on t h e  r e l a t i v e  T i - S  and Cu-S bond  
s t r e n g t h s  i n  IV ( R = P h ) .  A l t e r n a t i v e l y ,  t h e  a p p a r e n t  
c h a n g e s  i n  s p e c t r a  b e t w e e n  t h e  m e t h y l  and p h e n y l  c o m p l e x e s  
may,  y e t  a g a i n ,  be  r e l a t e d  t o  p o s s i b l e  s t e r i c  i n t e r a c t i o n s  
i m p o s e d  on t h e  s y s t e m  by t h e  b u l k y  p h e n y l  g r o u p s .
As was  shown i n  C h a p t e r  3 , a l l  o f  c o m p l e x e s  IV c o n t a i n  
a C u - T i  b o n d .  As t h e  Cu-S b on ds  i n  IV ( R =  Me) a p p e a r  t o  
be v e r y  w e a k ,  i -t  i s  s u g g e s t e d  t h a t  t h e  Cu- Ti  bond i s  
p r e d o m i n a n t ,  i n  IV (R = Me) ,  i n  h o l d i n g  t h e  two h a l v e s  of' 
t h e  c o m p l e x e s  t o g e t h e r ,  w h e r e a s  i n  IV ( R =  Ph) t h e r e  may w e l l
79
be c o n t r i b u t i o n s  f rom b o t h  t h e  Cu- Ti  and Cu-S bonds  i n  
h o l d i n g  the'  c o m p l e x e s  t o g e t h e r .
4 ) The c o m p l e x e s  Ph 2 PCH 2 CH 2 PPh 2 M [s MeJ 2 PdCl 2 ( M = P d , P t ) .
The p e a k s  o b s e r v e d  i n  t h e  s p e c t r a  o f  t h e  c o m p l e x e s  
Fh2 PCH2 CH2 PPh2 H | s M e ] 2 PdCl 2 , V I ,  ( M » P d , P t )  a r e  l i s t e d  i n  
T a b l e  4*1*  ( S a t i s f a c t o r y  s p e c t r a ,  i n  t he  r a n g e  2 0 0 - 5 0 0 c m .   ^
w er e  r e c o r d e d  f o r  t h e  c o m p l e x e s  i n  t h i s ,  and t h e  f o l l o w i n g  
s e c t i o n ,  u s i n g  a Grubb P a r s o n s  P . M . 4 s p e c t r o p h o t o m e t e r ) .
T a b l e  4«1
C ompl e x O b s e r v e d  Pe a ks  ( c m . " ^ )
Ph2 PCH2 CK2 PPh2 Pd [sMeJ 2 PdCl 2 
Ph2 PCH2 CH2 PPh2 P t  j s M e ] 2 P dCl 2
318 306 29 0(  b r . ) 2 2 7 ( b r . )  
311 292 2 6 6 (  br  . )
br . t= b ro ad  p e a k .
The two h i g h e s t  e n e r g y  peaks  i n  t he  s p e c t r a  o f  b o t h  
c o m p l e x e s  a r e  a s s i g n e d  t o  s y m m e t r i c  and a s y m m e t r i c  
P d - C l ( t e r m i n a l ) s t r e t c h i n g  v i b r a t i o n s .  The o t h e r  b an ds  
a r e  t h o u g h t  t o  be  a s s o c i a t e d  w i t h  s i m u l t a n e o u s  d i s t o r t i o n s  
o f  t h e  M-S ( M a r P d , P t )  and Pd-S b o n d s .  I n  t h e  h o m o d i n u c l e a r  
c o m p l e x  ( M = P d ) ,  s i m u l t a n e o u s  d i s t o r t i o n s  o f  t h e  Pd-S  bonds  
c a n  s t i l l  be  t r e a t e d  a s  i f  t he  two Pd a t oms  w e r e  n o t  t h e  
sa me ,  a s  t h e r e  a r e  d i f f e r e n t  s u b s t i t u e n t s  a t t a c h e d  t o  e a c h .
80
One ox t h e  Pd-S s t r e t c h i n g  f r e q u e n c i e s  i n
MeSCII2 CH2 SllePdCl 2 h a s  b e e n  o b s e r v e d ^  a t  2 2 8 . 5 c m .  , b u t
i n  some r e c e n t l y  p r e p a r e d  m u l t i n u c l e a r  c o m p l e x e s  w i t h  S?h
102
b r i d g i n g  l i g a n d s  , t h e  p e a k s  due t o  t h e  Pd-S s t r e t c h i n g  
v i b r a t i o n s  w e r e  n o t  a s s i g n e d .  The s p e c t r a  o f  c o m p l e x e s  VI  
s u g g e s t  t h a t  t h e r e  h a s  b e e n  a c e r t a i n  amount  o f  w e a k e n i n g  
o f  t h e  M-S c o v a l e n t  bonds  ( M —P d , P t )  ( co m p a r e  t h e P d - S  and  
P t - S  s t r e t c h i n g  f r e q u e n c i e s  i n  Ph^PCHgCHrjPPhglv^ SMe) 2 
a t  507 and  3 2 0 cm.  ( M = P d )  and 309 and 3 2 4 cm«™^  ( M = P t ) ,  
( T a b l e  1 . 1 ) )  and h e n c e  f a i r l y  s t r o n g  S ->Pd d o n a t i o n  i s
C—'
p o s t u l a t e d ,  t h o u g h  i t  i s  p r o b a b l y  n o t  a s  s t r o n g  a s  t h a t  i n  
MeSCH2 CE2 SMePdCl2 .
5 ) The c o m p l e x  R i g PCEpCE 2
The c o m p l e x  PhgPCEgCEgPPl^Pd [ c l  J 2 ?dCl 2 , V I I ,  was  t he  
o n l y  member o f  t h e  s e r i e s  Ph2 PCH2CE2 PPh2M 1 J 2 ^ 2 
(M s= N i , Pd,  Pt)  w h i c h  was o b t a i n e d  i n  a c h a r a c  t e r i s a b l e  f o r m .  
( S e e  C h a p t e r  5 )* T h i s  c o m p l e x  shows  p e a k s  a t  225 , 2 8 9 ,  5 ^  > 
and 328cm.  ^ . The two h i g h e s t  e n e r g y  p e a ks  a r e  a s s i g n e d  t o  
s y m m e t r i c  and a s y m m e t r i c  P d - C l ( t e r m i n a l ) s t r e t c h i n g  
v i b r a t i o n s .  The two a t  l o w e r  e n e r g y  a r e  t h o u g h t  t o  be  
due t o  P d - C l ( b r i d g i n g )  s t r e t c h i n g  v i b r a t i o n s .
I t  i s  i n t e r e s t i n g  t o  c ompar e  t he  a b o v e  c o m p l e x  w i t h  t h e
103 . .
c o m p l e x  p r e p a r e d  by t h e  r e a c t i o n  o f  ( Ph ^P; 2 l ! iCl  2 w i t h
[“}PPh2 Pd Cl L PdC l 2 ■
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( PhCN) 2 PtC1 g • t h e  l a t t e r  i s  a w h i t e  d i a m a g n e t i c  powder  
whi ch  a n a l y s e s  f o r  ( P h ^ p ) 2 N i C l 2 P t C l 2 • The f a r  i n f r a - r e d  
s p e c t r u m  o f  t h i s  c o m p l e x  i s  v e r y  d i f f e r e n t  f rom t h a t  o f  
V I I ,  and i s  c o n s i s t e n t  w i t h  a s t r u c t u r e  s u c h  as
Ph_P>_, ^ C 1  jCI
3 > i ^  " > t ^
c r  ^ c i ^  pph2.
3
Sharp p e a ks  a r e  o b s e r v e d  i n  t h e  s p e c t r u m  a t  342 and 4 2 4 c m.  ^
w h i c h  c a n  be a s s i g n e d  t o  t e r m i n a l  P t - C l  and t e r m i n a l  N i - C l
37 , 1 0 4
s t r e t c h i n g  v i b r a t i o n s ,  r e s p e c t i v e l y  . The a s s i g n m e n t
o f  t h e  peak  a t  424cm.   ^ a s  b e i n g  due t o  an N i - C l  v i b r a t i o n  
i s  n o t  u n a m b i g u o u s  as  t h e r e  a r e  p e a ks  a s s o c i a t e d  w i t h  t h e  
p h o s p h i n e  ( Ph ^P )  i n  t h i s  r e g i o n .  The a s s i g n m e n t  i s  a l s o  
b a s e d  on v a l u e s ^  f o r  t e  t r a h e d r a l l y  c o - o r d i n a  t e d  n i c k e l ,  
and,  i n  o r d e r  t o  a c c o u n t  f o r  t h e  o b s e r v e d  d i a m a g n e t i s m  o f  
t h i s  c o m p l e x ,  i t  i s  p r o b a b l e  t h a t  t he  n i c k e l  a tom i s  i n  
a s q u a r e  p l a n a r  e n v i r o n m e n t .  The o t h e r  p e a k s  i n  . the s p e c t r u m  
a t  2 2 6 , 2 4 7 ,  a n d 282cm.   ^ a r e  t h o u g h t  t o  a r i s e  f rom t h e  
s i m u l t a n e o u s  d i s t o r t i o n s  o f  t h e  IJi -Cl  and P t - C l  bonds  i n  
t he  I ' l iClPtCl  r i n g .
The p r o b a b l e  s t r u c t u r e  o f  t h e  N i / P t  c o m p l e x  s u g g e s t s  
t h a t  i f  c i s  c o m p l e x e s  o f  t h e  form
^ C1H';' rf *
^ c i
a r e  p r e s e n t  i n  a r e a c t i o n  m i x t u r e ,  t h e y  may w e l l  i s o m e r i s e
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t o  t h e  more s t a b l e  t r a n s  form
Cx ux L
Cl
I n  c o m p l e x e s  VI ( 4 , a b o v e )  and V I I  i n  w h i c h  
Lg = ° encis 0  ^ 1:i-garl(i a r e> f ° r
s t e r i c  r e a s o n s ,  bound t o  t h e  same m e t a l  a t om and c a n n o t  
i s o m e r i s e  i n  t h e  a b o v e  m a n n er ,  and m u s t ,  t h e r e f o r e ,  r e m a i n  
i n  t h e  l e s s  s t a b l e  c i s  f o r m .
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CHAPTER 5
A t t e m p t e d  P r e p a r a t i ons o f  Other  
M u l t i - H e t e r o n u c l e a r  Compl e x e s .
I n  t h i s  c h a p t e r  a t t e m p t s  w i l l  he made t o  r a t i o n a l i s e  
the r e s u l t s  o f  r e a c t i o n s  w h i c h ,  a l t h o u g h  d e s i g n e d  t o  p ro d u c e  
mul t i - h e  t e r  onuc 1 e a r  c o m p l e x e s ,  y i e l d e d  w h a t  c a n  b e s t  be  
d e s c r i b e d  a s  p r o d u c t s  r e s u l t i n g  from r e a r r a n g e m e n t s  a n d / o r  
d e c o m p o s i t i o n s  o f  t he  s t a r t i n g  m a t e r i a l s  a n d / o r  r e a c t i o n  
i n t e r m e d i a  t e s .
Th e s e  r e a c t i o n s  c a n  be d i v i d e d  i n t o  3 g r o u p s
a) R e a c t i o n s  o f  Cp2 T i ( S R )2  w i t h  t r a n s i t i o n  m e t a l  c a r b o n y l s ,  
t r a n s i t i o n  m e t a l  c a r b o n y l  h a l i d e s ,  and o t h e r  t r a n s i t i o n  
m e t a l  h a l i d e s .
b) R e a c t i o n s  o f  s i l a n e s  w i t h  one or  more t r a n s i t i o n  m e t a l  
r e s i d u e ? ,
c) R e a c t i o n s  o f  c o b a l t  c a r b o n y l  d e r i v a t i v e s  w i t h  t i t a n i u m  
c ompl e x e s  .
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R e a c t i o n s  ( a )  we r e  d e s i g n e d  t o  p r e p a r e  c o m p l e x e s  
c o n t a i n i n g  t i t a n i u m  and a n o t h e r  t r a n s i t i o n  m e t a l  l i n k e d  
t o g e t h e r  by o r g a n o t h i o  b r i d g e s ,  as  a l r e a d y  d e s c r i b e d  i n  
C h a p t e r s  2 and 3* R e a c t i o n s  ( b )  we r e  i n t e n d e d  to  p r o d u c e  
c o m p l e x e s  c o n t a i n i n g  2 o f  t he  same or 2 d i f f e r e n t  t r a n s i t i o n  
m e t a l s  l i n k e d  by ^ S i R 2 b r i d g e s .  U s i n g  r e a c t i o n s  ( c )  i t  
was h o p e d  t o  p r o d u c e  h e t e r o - d i  and - t r i n u c l e a r  c o m p l e x e s  
c o n t a i n i n g  C o - T i  or  C o - T i - C o  s k e l e t o n s  r e s p e c t i v e l y ,  i n  
whi ch  t h e  2 ( 3 ) m e t a l  a toms  a r e  j o i n e d  t o g e t h e r  by C o - T i  
d - b o n d s .
I t  i s  e a s y  t o  s a y  t h a t  t h e  d e s i r e d  p r o d u c t s  w e r e  n o t
I
i o b t a i n e d  b e c a u s e  t h e  s t a r t i n g  m a t e r i a l s  or r e a c t i o n  
i n t e r m e d i a t e s  a r e  l a b i l e  w i t h  r e s p e c t  t o  r e a r r a n g e m e n t  
or d e c o m p o s i t i o n ,  b u t  i t  i s  n e c e s s a r y  t o  g o  a b i t  d e e p e r  
than t h i s ,  and t o  p o s t u l a t e  r e a s o n s  why t h e s e  r e a c t i o n s  
f a i l e d  t o  p r o d u c e  t he  d e s i r e d  p r o d u c t s  w h e r e a s  s i m i l a r  
r e a c t i o n s  h a v e  y i e l d e d  s t a b l e  c o m p l e x e s  as  d e s c r i b e d  i n  
the l i t e r a t u r e ,  or a l r e a d y  d i s c u s s e d  i n  t h i s  w o r k .
^ ) Re a c  t i o n s  o f  C p ,^Ti ( SR)  ^ (k r  He ? H i ) ,
The e x p e r i m e n t a l  e v i d e n c e  s u g g e s t s  t h a t  i n  t h e  r e a c t i o n s  
o f  C pg Ti ( SR) 2 w i t h  I.!n( C 0)   ^Br , Ru( C 0 )  ^Cl 2 T. H # P . , and  
RuCl j/CO/MeOCHgCHgO’Ie s o l u t i o n  t h e r e  i s  t r a n s f e r  o f  one  or  
more h a l o g e n  a t oms  from t h e  m e t a l  c a r b o n y l  h a , l i d e  t o
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t i t a n i u m  and t r a n s f e r  o f  one or more o r g a n o t h i o  g r o u p s  
from Cp^ T i ( S H) ^  t o  t he  o t h e r  t r a n s i t i o n  m e t a l .  The 
r e s u l t  o f  s u c h  r e a r r a n g e m e n t s  i n  t he  a b o ve  r e a c t i o n s  i s  t-o 
g i v e  t h e  o b s e r v e d  p r o d u c t s  (Mn(CO)^SR)^ and ( R u ( C O) ^S R ) n 
t o g e t h e r  w i t h  Cp2 T i ( S R ) B r  and Cp2 T i C l 2 , r e s p e c t i v e l y .  
(Cp2 T i ( S R ) B r  ^ a s  n o t  o b s e r v e d  a s  s u c h ,  b u t  i t s  p r e s e n c e
can be  i n f e r r e d  ( E x p e r i m e n t a l  7 ° ) ) *  R e a c t i o n s  o f  t h i s  t y p e
105  106  
have b e e n  o b s e r v e d  when t h i o s i l a n e s  and t h i o s t a n n a n e s
are  r e a c t e d  w i t h  t r a n s i t i o n  m e t a l  h a l i d e s ,  e s p e c i a l l y
Mn(C0)^Br,  g i v i n g  h a l o s i l a n e s  or h a l o s t a n n a n e s  t o g e t h e r
w i t h  t h e  c o r r e s p o n d i n g  t r a n s i t i o n  m e t a l  o r g a n o t h i o  c o m p l e x .
IVCompared w i t h  o t h e r  t r a n s i t i o n  m e t a l s ,  t i t a n i u m
seems t o  h a v e  a much s t r o n g e r  a f f i n i t y  f o r  h a l o g e n s  t h a n
107f o r  s u l p h u r  as  i t  h as  b e e n  f o u n d  t h a t  t he  r e a c t i o n  o f
Cp2 T i C l 2 w i t h  AgSCE^ g i v e s  CpgTiPg w h e r e a s  C p C r ( N 0 ) 2Cl
w i t h  AgSCFj  g i v e s  C pCr(NO) gSCE . The t r a n s i t i o n  m e t a l
c a r b o n y l s  t o  t h e  r i g h t  o f  Group VI a l l  s e e m t o  h a v e  a
s t r o n g  a f f i n i t y  f o r  s u l p h u r  j u d g i n g  by t h e  number o f  s u l p h u r
1 0 8
c o n t a i n i n g  c o m p l e x e s  o f  t h e s e  m e t a l s  t h a t  a r e  known
The f o r m a t i o n  o f  t h e  o b s e r v e d  p r o d u c t s  f rom t h e  r e a c t i o n s
n o t e d  a b o v e ,  c a n  t h e r e f o r e  be r a t i o n a l i s e d  on t h e  b a s i s
IV
o f  t h e  g r e a t  a f f i n i t y  Ti h a s  f o r  h a l o g e n s ,  and p r o b a b l y ,  
though  t o  a l e s s e r  e x t e n t ,  t h e  a f f i n i t y  o f  t h e  o t h e r  
t r a n s i t i o n  m e t a l  f o r  s u l p h u r .
28 6
S i m i l a r  r e a s o n i n g  c a n  be u s e d  t o  e x p l a i n  why t h e
r e a c t i o n  o f  Cp2 T i ( S M e ) 2 w i t h  ( PhCIT) ^PdCl  ^ g i v e s  j^Pd(SMe)
and Cp2 T i C l 2 . The c o m p l e x  Cp2 T i j s P h l ^ P d C l 2 h a s ,  h o w e v e r ,
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b e e n  c l a i m e d  , w h i c h  s u g g e s t s  t h a t  - S P h  g r o u p s  a t t a c h e d  t o  
t i t a n i u m  a r e  n o t  a s  l a b i l e  as  t h e  c o r r e s p o n d i n g  -SMe g r o u p s .
H a v i n g  m e n t i o n e d  r e a c t i o n s  i n v o l v i n g  ( PhCn ) ^P d C l 2 > H
i s  i n t e r e s t i n g  t o  n o t e  t h a t  a l t h o u g h  t he  c o m p l e x
Ph2 PCH2CH2 PPh2 Pd J c i J 2 P d C l 2 , V I I ,  ( C h a p t e r  4 ) was  o b t a i n e d
from t h e  r e a c t i o n  o f  Ph2 PCH2CH2 PPh2P d C l 2 and ( PhCN)2 Pd C l 2 ,
t he  o t h e r  members  o f  t h e  s e r i e s  Ph.2 PCH2CH2 PPh2M [ p l j  2PdCl 2
(M =  N i , P t )  w e r e  n o t  o b t a i n e d  f r om t he  c o r r e s p o n d i n g  r e a c t i o n s .
The a b s e n c e  o f  ( PhCN) gPd-Cl 2 f r om t h e  o b s e r v e d  p r o d u c t s
( P d C l g  and PhgPCHCHgPPh MCI 2 ) s u g g e s t s  t h a t  t he  d e s i r e d
p r o d u c t s  may h a v e  a t r a n s i e n t  e x i s t e n c e  i n  s o l u t i o n .  I f
t h e r e  h ad  s i m p l y  b e e n  no r e a c t i o n ,  ( PhCll) 2 PdCl 2 w o u l d  h a v e
b e e n  e x p e c t e d  i n  t he  p r o d u c t s .  Ho w e v e r ,  ( PhCN) 2 PdCl 2 h a s
109,110
b e e n  shown t o  h a v e  a t r a n s  s t r u c t u r e  i n  t h e  s o l i d  ,
and s u b s t i t u t i o n  r e a c t i o n s  a r e  t h o u g h t  t o  g o  v i a  t h e
. 1 1 1  d m u c l e a r  s p e c i e s
PhC ^ C l ^  ^ 0 1
c r  K c r  itc Ph ,
s o  t h a t  u n l e s s  t he  i n c o m i n g  s u b s t i t u e n t  i s  a g o o d  t f"-donor,  
t h i s  d i n u c l e a r  i n t e r m e d i a t e  may d e c o m p o s e  t o  PdCl 2 and  
l i b e r a t e  PhC IT on work u p .  As t h e  h a l o g e n  a to ms  i n
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Ph2 pCH2 CH2 pPh.2MCl 2 ( M - I T i , P t )  a r e  p r o b a b l y  poor  c r - d o n o r s ,  
t h e  a b s e n c e  o f  ( PhC If) ^PdCl  ^ f ro m t h e  o b s e r v e d  p r o d u c t s  
may r e s u l t  f rom d e c o m p o s i t i o n  o f  t he  p o s t u l a t e d  d i n u c l e a r  
i n t e r m e d i a t e .  On t h e  o t h e r  h a n d ,  t h e  c h l o r i n e  a t oms  i n  
PhgPCHgCh^PPh^PdCl 2 and t he  s u l p h u r  a t oms  i n  
Ph2 PCH2CH2 PPh2 H( SMe) 2 ( M = P d , P t )  w o u l d  s ee m t o  be s t r o n g  
e no u g h  t f - d o n o r s  t o  a l l o w  f o r m a t i o n  o f  t h e  c o m p l e x e s  
PhgPCHgCH^PPh^Ph [ c i ] 2 p dCl 2 and PhgPCHgCHgPPhgM [ s M e ^ P d C l  2 .
R e t u r n i n g  t o  l i g a n d  r e p l a c e m e n t  r e a c t i o n s  i n v o l v i n g  
Cp2T i ( S R ) 2 , t h e  g r e a t  e a s e  o f  f o r m a t i o n  o f  j ^ C p F e ^ O ^ ^  
f rom i r o n  c a r b o n y l s  i n  t he  p r e s e n c e  o f  a s o u r c e  o f  
c y c l o p e n t a d i e n y l  r i n g s ,  c a n  be i n v o k e d  t o  e x p l a i n  i t s  
f o r m a t i o n  i n  t h e  r e a c t i o n  o f  Cp2 T i ( S P h )2  w i t h  
m a l e i c  a n h y d r i d e - F e ( C 0 ) ^ . The work r e q u i r e d  t o  p u l l  a  
c y c l o p e n t a d i e n y l  r i n g  away f ro m t i t a n i u m ,  e s p e c i a l l y  one  
w h i c h  i s  a t t a c h e d  by s t r o n g  c o v a l e n t  b o n d s ,  mu s t  be  
c o n s i d e r a b l e ,  and i l l u s t r a t e s  t h e  g r e a t  s t a b i l i t y  o f  
j c PF e ( C O ) 2l 2 .
2 )  R e a c t i o n s  o f  s u b s t i t u t e d  s i l a n e s  w i t h  t r a n s i t i o n  m e t a l  
c a r b o n y l  r e s i d u e s .
Over t h e ' l a s t  f ew y e a r s ,  many c o m p l e x e s  c o n t a i n i n g  
s i l i c o n  b onde d  t o  a t r a n s i t i o n  m e t a l  h a v e  b e e n  p r e p a r e d .
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Two main  r o u t e s  h a v e  b e e n  u s e d : -
a) The e l i m i n a t i o n  o f  h y d r o g e n ,  by t h e  met hod  o f  C h a l k
1 1 2 ,
and H a r r o a  ( S e e  I n t r o d u c t i o n ,  2 a ,  p.  2 ) .
b) N u c l e o p h i l i c  d i s p l a c e m e n t  o f  a h a l o g e n  f rom a 
h a l o s i l a n e  ( S e e  I n t r o d u c t i o n ,  l a ,  p . 2 ) .
I n  t he  v a s t  m a j o r i t y  o f  c o m p l e x e s ,  e a c h  s i l i c o n
atom i s  b o n de d  t o  o n l y  one t r a n s i t i o n  m e t a l  a s ,  f o r  e x a m p l e ,
1 1 5  7
i n  Me , S i Mn( C0 ) j. and I’e ( C 0 ) . ( S i C l _ )  . V e r y  few
2 0 4 ? 2
c o m p l e x e s  a r e  known i n  w h i c h  t h e  s i l i c o n  a tom f or ms  a
b r i d g e  b e t w e e n  two or more t r a n s i t i o n  m e t a l s ,  as  i n  t h e
r e c e n t l y  r e p o r t e d 1 "^ ( OC ) Co SiH JJ C o( C 0 ) ^  , and t h e
115
u n u s u a l  c o m p l e x  CH2~ C H S i ( C o ( C 0 ) ^ )  ^ i n  w h i c h  t h e  s i l i c o n
atom f o r m s  a b r i d g e  b e t w e e n  3 c o b a l t  a t o m s .  C o m p l e x e s  
c o n t a i n i n g  o t h e r  Group IV e l e m e n t s ,  n o t a b l y  Ge and Sn,  i n  
which t h e  Group IV e l e m e n t  forms  a b r i d g e  b e t w e e n  two
116
t r a n s i t i o n  m e t a l s  a r e  w e l l  known,  e . g .  I  G e ( C o ( C O ) J ? ,
117 r 1 4
Eh2S n ( R e ( C 0 ) 5 ) 2 , and ( OC ) 5 Mn^SnPh J  bTC p( C 0) .
The d i f f e r i n g  p r o p e r t i e s  o f  S i  on t h e  one h a n d ,  and  
Ge and Sn on t h e  o t h e r ,  i n  t h i s  r e s p e c t ,  h a v e  p r o v e d  
i m p o s s i b l e  t o  r a t i o n a l i s e  c o m p l e t e l y ,  b u t  i n  some c a s e s ,  
may s i m p l y  a r i s e  f r om t he  l a b i l i t y  or t he  i n a c t i v i t y  o f  
the r e a c t i o n  i n t e r m e d i a t e s  i n  t he  s i l i c o n  s e r i e s .
The mai n  r e a c t i o n s  w h i c h  we r e  c a r r i e d  o u t  a r e  l i s t e d
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i n  a - d , b e l o w ,  t o g e t h e r  w i t h  t he  d e s i r e d  p r o d u c t s  from  
t h e s e  r e a c t i o n s .  ( S e e  E x p e r i m e n t a l ,  S e c t i o n  1 0 ,  f o r  
c o m p l e t e  d e t a i l s  o f  t h e s e  r e a c t i o n s ) .
a) 2NaCo(C0)  + Cl SiMe — > Me S i ( C o ( C 0) ) -+ 2R a C l .
4  ^ k 4 k
h) C o 2 ( C 0 ) Q+ H2 SiMePh — MePhSl ( Co( C0 ) 2 ) 2 + H 2 .
( o r  2HCo( C0) .   > 2H ) .
4 2
c)  (OC) C oS i  Me 0C1 -t- II a+ M~— » ( OC ) .C oS i MenM + N a C l .
4 * 4 k
(M i s  a m e t a l  c a r b o n y l  a n i o n )  .
d) 2 C p P e ( C 0 ) 2 S i Me2H + Co2 ( C 0 ) 8 --------->
2CpFe(C0)  S i ( M e 2 ) C o ( C 0 ) 4 +  H2 .
T he r e  i s  no c o n c l u s i v e  e v i d e n c e  t h a t  a n y  o f  t h e  d e s i r e d  
c o m p l e x e s  w e r e  p r e s e n t  i n  the  m i x t u r e s  o f  p r o d u c t s  o b t a i n e d  
from r e a c t i o n s  a - d ,  and c e r t a i n l y  none o f  t h e  d e s i r e d  
c o m p l e x e s  w e r e  o b t a i n e d  i n  a pure  f orm.
O
Most  o f  t h e  r e a c t i o n s  were  c a r r i e d  o u t  a t  0 C and  
a b ov e ,  and t h i s  may c o n s t i t u t e  one o f  t he  maj or  r e a s o n s  
why t h e  d e s i r e d  p r o d u c t s  we r e  n o t  o b t a i n e d ,  a s  H2 S i ( C o ( C O ) ^ ) 2 
has s u b s e q u e n t l y  b e e n  o b t a i n e d ^ ^  by t h e  r e a c t i o n  o f  
NaCo(CO)^ a n d . H 2 S i I 2 a t  - 5 0 °C i n  d i m e t h y l  e t h e r .
When r e a c t i o n  ( a )  was c a r r i e d  o u t  i n  T . H . E .  or d i e t h y l  
e t h e r  a t  room t e m p e r a t u r e ,  t he  i n t e r m e d i a t e  c o m p l e x ,
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MegSi CI Co( C0 ) ^ ,  d ec o mp os ed  r a p i d l y  t o  C o C l 2 . That  t h i s
w a s ,  i n d e e d ,  t h e  c o m p l e x  u n d e r g o i n g  d e c o m p o s i t i o n  was
i n f e r r e d  f rom t h e  f a c t  t h a t  pure Me2S i C l C o ( C 0 ) ^ ,  p r e p a r e d
by t h e  r e a c t i o n  o f  Co2 ( C 0 ) g  and Me2S i H C l , d e c o mp os ed  i n
the  same ma n n e r .  Chi  o r o s i l a n e s  a r e ,  i n  g e n e r a l ,  r e a c t i v e
t ow a r d s  T . H . F .  , u s u a l l y  g i v i n g  p r o d u c t s  r e s u l t i n g  f r om
118r i n g  o p e n i n g  o f  t he  c y c l i c  e t h e r  . T h u s ,  u n l e s s  r e a c t i o n  
( a )  i s  c a r r i e d  o u t  i n  a more i n e r t  s o l v e n t  or a t  l o w e r  
t e m p e r a t u r e s ,  i t  i s  n o t  a p p l i c a b l e  t o  t h e  p r e p a r a t i o n  o f  
t h e  d e s i r e d  c o m p l e x e s .
The c o m p l e x  MeH2 SiC o( C 0) h a s  b e e n  p r e p a r e d  by  t h e
r e a c t i o n  o f  C o ^ ( C 0 ) q and H^Si Ke.  T h i s  s u g g e s t s  t h a t  t h e  
r e p l a c e m e n t  o f  t h e  f i r s t  h y d r o g e n  i s ’ e a s i e r  t h a n  t h e  
r e p l a c e m e n t  o f  t h e  o t h e r s ,  s o  t h a t  t h e  Co^(C0 ) ^ 2  o b s e r v e d  
i n  r e a c t i o n  ( b )  may s i m p l y  be a d e c o m p o s i t i o n  p r o d u c t  o f
t h e  p r o b a b l e  i n t e r m e d i a t e  Me ^HS i C o ( C0 ) ^ , a s  t h e  c o m p l e x e s
, v 1 1 9 a  , N l i d
MeH^SiC o( C 0 ) ^  and H^SiCo(CO)^ r e a d i l y  u n d e r g o
c l e a v a g e  o f  t h e  S i - C o  bond.
The c o m p l e x  Me2Si Cl C o( C 0 ) ^ ,  u s e d  i n  r e a c t i o n  ( c ) ,  i s  
l e s s  e a s i l y  h y d r o l y s e d  t h a n  s i m p l e  c h i  o r o s i l a n e s  s u g g e s t i n g  
t h a t  i t  i s  l e s s  s u s c e p t i b l e  to  n u c l e o p h i l i c  a t t a c k .  Th i s  
s e e m s  t o  be t h e . c a s e  s i n c e  no r e a c t i o n  was o b s e r v e d  b e t w e e n  
MegSiCIC o( C 0 and ITaCo(CO)^ i n  t o l u e n e ,  o t h e r  t h a n  
d e c o m p o s i t i o n  t o  Co ^( C0 ) ^2  h i g h  t e m p e r a t u r e s .  Onl y
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w i t h  t h e  much more n u c l  e o u h i l  i c  LCpFe(CO) A  was  a
r e a c t i o n  o b s e r v e d  a t  room t e m p e r a t u r e ,  b u t  t h e  m i x t u r e  o f  
p r o d u c t s  f r om t h i s  r e a c t i o n  c o u l d  n o t  be s e p a r a t e d .
The c o m p l e x  C pFe(  CO) gSi l ' egH p r e p a r e d  by t h e  r e a c t i o n  
o f  ITaC pPe(  C 0)  2 w i t h  Me^SiHCl was f o u n d  t o  de c o mp o s e  a t
room t e m p e r a t u r e ,  g i v i n g  J^CpPe(C0 ) 2  2 ( a r e c e n t l y  a n n o u n c e d
121 \ p r e p a r a t i o n  i n d i c a t e s  r a t h e r  g r e a t e r  s t a b i l i t y ;
i n d i c a t i n g  a r a t h e r  weak  P e - S i  b o nd .  Thus ,  when 0 0 2 ( 0 0 ) 0
i s  r e a c t e d  w i t h  C pPe(CO) g S i l ^ H  ( r e a c t i o n  d)  t h e r e  may
be c l e a v a g e  o f  t he  P e - S i  bond r a t h e r  t h a n  t h e  S i - H  bond
l e a d i n g  t o  t h e  f o r m a t i o n  o f  C pPe(  0 0 )  jjpO^C o ( C 0 )  and
p o s s i b l y  Me2HS i C o (C 0 )^  w h i c h  p r o b a b l y  d e c o m p o s e s ,  a s
p o s t u l a t e d  i n  r e a c t i o n  ( b ) ,  t o  C° 4 ( C0) ^ 2 ‘
T h e s e  o b s e r v a t i o n s  s u g g e s t  t h a t  t h e  f a i l u r e  t o  p r e p a r e  
c o m p l e x e s  c o n t a i n i n g  an  I f - S i - M 1 s k e l e t o n  may be due t o  t h e  
c h e m i c a l  p r o p e r t i e s  o f  t h e  i n t e r m e d i a t e s ,  M-SiRgCl  and  
M-SiRgH (M and M1 a r e  t r a n s i t i o n  m e t a l  c a r b o n y l  r e s i d u e s ) .  
I n  M-SiRgCl  t h e  s i l i c o n  seems  to  be d e a c t i v a t e d  t o w a r d s  
n u c l e o p h i l i c  a t t a c k  w h e r e a s  M- Si R 2H s ee ms  t o  be t h e r m a l l y  
uns t a b l e .
The r e a s o n ( s )  why t he  i n t e r m e d i a t e s  i n  t h e  g e r ma n i u m  
and t i n  s e r i e s  o f  r e a c t i o n s  g i v e  t h e  d e s i r e d  c o m p l e x e s  
w h e r e a s  t h o s e  i n  t h e  s i l i c o n  s e r i e s  do n o t  r e m a i n s  
u n e x p l a i n e d ,  b u t  may be r e l a t e d  t o  t h e  r e l a t i v e  amounts  o f
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f f - bondi ng  b e t w e e n  t he  Group IV m e t a l  and t h e  t r a n s i t i o n
m e t a l .  A l t h o u g h  t h i s  i s  an a r e a  o f  i n t e n s i v e  r e s e a r c h  a t  
1 2 2  ,
p r e s e n t  , t n e r e  i s  n o t  y e t  s u f f i c i e n t  d a t a  t o  a t t e m p t  
an e x p l a n a t i o n  o f  t he  d i f f e r e n c e s  b e t w e e n  t h e  s i l i c o n  and  
the  g e r ma n i u m and t i n  s e r i e s  o f  r e a c t i o n s .
5) R e a c t i o n s  o f  t i t a n i u m  c o m p l e x e s  
w i t h  c o ba l t  c a r b o n y l  d e r i v a t i v e s .
B e c a u s e  o f  t h e  f a i r l y  c l o s e  a n a l o g y  t h a t  r u n s  t h r o u g h
t h e  c h e m i s t r y  o f  t i t a n i u m  and t h e  c h e m i s t r y  o f  t i n ,  and
b e c a u s e  c o m p l e x e s  c o n t a i n i n g  t i t a n i u m  c o v a l e n t l y  bonded
12  3t o  o t h e r  t r a n s i t i o n  m e t a l s  a r e  known r e a c t i o n s  w e r e
s t u d i e d  i n  w h i c h  t i t a n i u m  m i g h t  r e a c t  i n  a s i m i l a r  manner  
t o  t i n ,  g i v i n g  c o m p l e x e s  c o n t a i n i n g  T i - C o  b o n d s .
The r e a c t i o n s  c a r r i e d  o u t ,  t o g e t h e r  w i t h  t h e  d e s i r e d  
p r o d u c t s  a r e  l i s t e d  i n  a - d ,  b e l o w .  ( F o r  c o m p l e t e  d e t a i l s  
o f  t h e  r e a c t i o n s ,  s e e  E x p e r i m e n t a l ,  S e c t i o n  1 1 ) .
a )  Cp2 T i C l 2 + 2N&Co( C 0 ) ^  — p 2 T i ( C o ( C 0 )  ^) 2 -f 2 E a C l .
b)  j c p 2 T i i;EICl 2 +  2 Na Co ( C0 ) 4 - ^  2Cp2 T i i: i : iC o ( C 0 ) 4 +  2 E a C l .
c )  Cp2 ^ i - 0
Cl
+ ,21vTaC o ( C0) Cp T i - 0
2Clo ( C 0 ) 4j 2
+ 2-IaC 1 .
d)  Cp2TiMe2 + 2HCo( C O ^ —» Cp2 T i ( C o ( C 0 ) 4 ) 2 +  2CH4 .
I n  e a c h  o f  t he  a b o v e  r e a c t i o n s ,  t he  o n l y  p r o d u c t  w h i c h
c o u l d  be c h a r a c t e r i s e d  was  C pC o ( C 0 ) 2 . As CpCo(CO)2 o n l y
a p p e a r e d  when a l l  t h e  T . H. F .  ( s o l v e n t )  was  r e mo v e d  i t  was
t h o u g h t  t h a t  t h e  T . H. F .  m i g h t  h a v e  some s t a b i l i s i n g
i n f l u e n c e  on t h e  c o m p l e x  f ormed  i n i t i a l l y .  When t h e  r e a c t i o n s
w e r e  c a r r i e d  o u t  i n  t h e  p r e s e n c e  o f  t r i p h e n y l  p h o s p h i n e
o n l y  Ph „PC o( C 0)  -,C o( C 0 )  PPh was o b t a i n e d .  I n  t h e s e
j  j  2
r e a c t i o n s ,  a - d ,  i t  i s  s u g g e s t e d  t h a t  s o m e t h i n g  a p p r o a c h i n g  
t h e  e x p e c t e d  r e a c t i o n  t a k e s  p l a c e ,  b u t  t h e  c o m p l e x  f o r m e d  
i s  u n s t a b l e ,  and b r e a k s  down t o  g i v e  t h e  much more s t a b l e
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CONCLUSIONS
Prom t h e  obs erved ,  r e s u l t s ,  t he  l i g a n d  r e p l a c e m e n t  
r e a c t i o n ,  i n  w h i c h  l o o s e l y  bound l i g a n d s  on a t r a n s i t i o n  
m e t a l  a r e  r e p l a c e d  by a " t r a n s i t i o n  m e t a l  c o n t a i n i n g  l i g a n d " ,  
i s  t h e  m o s t  p r o d u c t i v e  r o u t e  t o  m u l t i - h e t e r o n u c l e a r  
c o m p l e x e s .  ( C h a p t e r s  2 and 3 ) .  N u c l e o p h i l i c  d i s p l a c e m e n t  
and e l i m i n a t i o n  r e a c t i o n s  a r e  f o u n d  ( C h a p t e r  5 ) t o  s u f f e r  
f rom t h e  d i s a d v a n t a g e  t h a t  t h e  a c t u a l  p r e p a r a t i o n  o f  t h e  
he  t e r  onuc 1 e a r  s p e c i e s  i s  a 2 s t e p  p r o c e s s ,  and  t h e  p r o d u c t s  
f rom t h e  f i r s t  s t e p  t end  t o  be e i t h e r  t o o  s t a b l e  or t o o  
u n s t a b l e  f o r  t h e  s e c o n d  s t e p  t o  t a k e  p l a c e .  B o t h  o f  t h e s e  
t y p e s  o f  r e a c t i o n  have  b e e n  u s e d  e x t e n s i v e l y  e l s e w h e r e  
( S e e  I n t r o d u c t i o n )  t o  p r e p a r e  he  t e r o n u c l e a r  c o m p l e x e s ,  and  
t h e r e f o r e  t h e  a b o v e  r e ma r ks  a r e  c o n f i n e d  t o  t h o s e  r e a c t i o n s  
w h e r e b y  a t t e m p t s  vrere made t o  p r e p a r e  c o m p l e x e s  c o n t a i n i n g  
s i l i c o n  or t i t a n i u m  bonded t o  t r a n s i t i o n  m e t a l s .
The l i g a n d  r e p l a c e m e n t  r e a c t i o n  i s  l i m i t e d  t o  a c e r t a i n  
e x t e n t  i n  t h a t  t h e  p o t e n t i a l  b r i d g i n g  atom i n  t h e  
" t r a n s i t i o n  m e t a l  c o n t a i n i n g  l i g a n d "  mu s t  h a v e  a t  l e a s t  one
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l o n e  p a i r  s u i t a b l e  f o r  d o n a t i o n  t o  a n o t h e r  t r a n s i t i o n  met  
A l s o , s o m e  o f  t he  l i g a n d  r e p l a c e m e n t  r e a c t i o n s  l e a d  t o  
c o m p l e x e s  w h i c h  r e a r r a n g e  t o  g i v e  more s t a b l e  h o m o n u c l e a r  
c o m p l e x e s ,  i l l u s t r a t i n g  t h a t  t he  method o f  p r e p a r a t i o n  i s  
a l w a y s  l i m i t e d  by t h e  s t a b i l i t y  o f  t h e  d e s i r e d  c o m p l e x .
The he t e r o n u c l e a r  c o m p l e x e s  w h i c h  w e r e  p r e p a r e d  f a l l  
i n t o  two g r o u p s
a)  Those  w h i c h  c o n t a i n  a m e t a l - m e t a l  bo nd .
b)  Those  w h i c h  do n o t  c o n t a i n  a m e t a l - m e t a l  bond.
X = C l , B r )  ( C h a p t e r  3 ) a r e  members o f  g r o u p  ( a ) ,  w h e r e a s  
(L-L ) m £ s r J 2 ^ ! ( ^0 ) 4  > ( L - L s  1 , 2  b i s - d i p h e n y l p h o s  p h i n o
e t h a n e ,  O - p h e n y l e n e  b i s - d i e t h y l  a r s i n e  ; M =  P d , P t ;  R =  Lie , Ph ;
The m e t a l - m e t a l  bond i n  c o m p l e x e s  I and IV i s  n o t  
n e c e s s a r y  t o  e x p l a i n  t h e i r  o b s e r v e d  d i a m a g n e t i s m  a s  t h e y  
w o u l d  s t i l l  be d i a m a g n e t i c  i f  no m e t a l - m e t a l  b o n d . w e r e  
p r e s e n t .  The m e t a l - m e t a l  bonds  a r e  o f  a d a t i v e  n a t u r e  and 
c a n  be  l o o k e d  upon a s  t h e  d o n a t i o n  o f  an  e l e c t r o n  p a i r  
f rom M1 or Cu t o  Ti  i n  I and I V,  r e s p e c t i v e l y .
R = Me , Ph ; M1 = Cr , 
I V , ( R s  Me , Ph ;
M1 =■ C r , Mo, W ) ( C h a p t e r  2 ) ,  PhgPCHgCI^PPhgM |SM 
(M= P d , P t )  ( C h a p t e r  4 ) ,  and PhgPCHgCHgPPhgPd 
V I I ,  ( C h a p t e r  4 ) ,  come i n t o  g r o u p  ( b ) .
PdCl
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The c l o s e n e s s  o f  a p p r o a c h  o f  t h e  two m e t a l  a toms  and  
h e n c e  t he  s t r e n g t h  o f  t h e  m e t a l - m e t a l  bond a p p e a r s  t o  be  
r e s t r i c t e d  by s t e r i c  i n t e r a c t i o n s  b e t w e e n  t h e  c y c l o -  
p e n t a d i e n y l  r i n g s  on t i t a n i u m .  There  may a l s o  be a f u r t h e r  
l i m i t a t i o n  on t h e  m e t a l - m e t a l  bond s t r e n g t h  i n  I and IV 
( R s  P h ) b e c a u s e  o f  s t e r i c  i n t e r a c t i o n s  b e t w e e n  t h e  c y c l o -  
p e n t a d i e n y l  and p h e n y l  r i n g s .
Prom f a r  i n f r a - r e d  e v i d e n c e ,  i t  i s  t e n t a t i v e l y  s u g g e s t e d  
t h a t  t h e  S—*111 bond i n  I  ( R =  Me) i s  s t r o n g  and t h a t  t h e  
S—^ Cu bond i n  IV i s  w e a k .  There  i s  a l s o  e v i d e n c e  t h a t  
t h e  C u - T i  bond i n  IV ( R ^ M e )  may be more i n s t r u m e n t a l  
i n  h o l d i n g  t h e  two h a l v e s  o f  t h e  c o m p l e x  t o g e t h e r  t h a n  i s  
t h e  Cu- Ti  bond i n  IV ( R - P h ) .
Th e r e  a p p e a r s  t o  be e v i d e n c e  f o r  s t r u c t u r a l  d i f f e r e n c e s  
b e t w e e n  members o f  I  and IV.  C o mp l e xe s  I a r e  t h o u g h t  t o  
e x i s t  i n  two i s o m e r i c  f orms  w i t h  one i s o m e r  p r e d o m i n a t i n g  
when Ri =Me,  ana  t he  o t h e r  p r e d o m i n a t i n g  when R = P h .
C o m p l e x e s  IV a r e  t h o u g h t  t o  e x i s t  a s  o l i g o m e r s ,  and  t he
t h e y  t e n d  t o  d e c o m p o s e  r a p i d l y  i n  s o l u t i o n .  I t  may w e l l  
be t h a t  i t  i s  t h e  i n h e r e n t  s t a b i l i t y  o f  t h e  s o l i d s ,  due t o
number o f  monomer u n i t s , p r e s e n t ,  may w e l l
d ep e n d  on t h e  n a t u r e  o f  R.
The c o m p l e x e s  o f  g r o u p  ( b )  a r e  s t a b l e  a s  s o l i d s ,  b u t
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l a t t i c e  e f f e c t s ,  t h a t  l e a d s  t o  t he  f o r m a t i o n  o f  t h e  
c ompl e x e  s .
T h e s e  c o m p l e x e s ,  w h i c h  do n o t  have  a m e t a l - m e t a l  bond,  
must be  h e l d  t o g e t h e r  by d o n a t i o n  o f  one o f  t he  l o n e  p a i r s  
on s u l p h u r  or c h l o r i n e  ( s u l p h u r  i n  c o m p l e x e s  I I  and V I ,  
c h l o r i n e  i n  V I I )  t o  t h e  o t h e r  m e t a l  i n  t he  c o m p l e x .  There  
i s ,  i n  a d d i t i o n ,  i n  c o m p l e x e s  I I ,  h o w e v e r ,  a t h e o r e t i c a l  
p o s s i b i l i t y  o f  an  u n s u p p o r t e d  / f - bond  b e t w e e n  t h e  two  
m e t a l s ,  f o r m e d  by d o n a t i o n  o f  an e l e c t r o n  p a i r  f ro m M* t o  M, 
but  no e v i d e n c e  f o r  t h e  e x i s t e n c e  o f  s u c h  a bond h a s  b e e n  
f ound.
I t  s e e m s  p r o b a b l e ,  a l t h o u g h  t h e r e  i s  no p r o o f ,  t h a t  
a l l  t h e  c o m p l e x e s  o f  g r o u p  ( b )  a r e  o f  s i m i l a r  s t r u c t u r e ,  
h a v i n g  a p l a n a r  MBM’ B r i n g  w i t h  a c u t e  BMB a n g l e s  and  
o b t u s e  MBM1 a n g l e s  b e c a u s e  o f  t h e  r e p u l s i v e  f o r c e s  b e t w e e n  
M and II1 . T h i s  s t r u c t u r e  w o u l d  be i n  d i r e c t  c o n t r a s t  t o  
the a c u t e  TiSMo a n g l e s  and o b t u s e  STiS and SMoS a n g l e s  o b s e r v e d  
i n  t h e  m o l e c u l a r  s t r u c t u r e  o f  C p^Ti  |^MeJ 2 ^-°(  ^0)  ^ w h i c h  
has  an  Mo—> Ti  bo nd .
C o m p l e x e s  I  and IV a r e  p r o b a b l y  bes-t  l o o k e d  u po n  as  
t r u e  he t e r o n u c l e a r , or s m a l l  c l u s t e r  c o m p l e x e s  w h e r e  t h e  
two m e t a l s  c a n n o t  be r e g a r d e d  s e p a r a t e l y  s i n c e  t h e  
p r o p e r t i e s  o f  one m e t a l  a r e  d e p e n d e n t  on ,  and a r e  r e f l e c t e d
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i n ,  t h e  c h a r a c t e r i s t i c s  o f  t he  o t h e r .  The c o m p l e x e s  I I ,
VI,  and VI I  w h i c h  do n o t  c o n t a i n  m e t a l - m e t a l  bonds  a r e  
b e s t  l o o k e d  upon as  c o m p l e x e s  o f  Group VI m e t a l s  ( c o m p l e x e s  
I I )  or  p a l l a d i u m  ( c o m p l e x e s  VI and V I I ) i n  w h i c h  two o f  
the  c o - o r d i n a t i o n  s i t e s  a r e  o c c u p i e d  by a l i g a n d  w h i c h  
c o n t a i n s  a n o t h e r  t r a n s i t i o n  m e t a l .  I n  t h i s  r e s p e c t ,  t h e y
As was h o p e d  ( S e e  I n t r o d u c t i o n )  i t  h a s  p r o v e d  p o s s i b l e  
t o  o b t a i n  i n f o r m a t i o n  a b o u t  i n t e r a c t i o n s  b e t w e e n  two m e t a l s  
u s i n g  s p e c t r o s c o p i c  m e t h o d s  t o  compare  one s i d e  o f  t h e  
c o m p l e x  w i t h  t h e  o t h e r .  A l t h o u g h  t h i s  i n f o r m a t i o n  i s  f a r  
from c o n c l u s i v e  f o r  many o f  t he  c o m p l e x e s  p r e p a r e d ,  s i n c e  
t h e i r  p r o p e r t i e s  do n o t  l e n d  t h e m s e l v e s  t o  t h e  f u l l  r a n g e  
o f  s p e c t r o s c o p i c  t e c h n i q u e s ,  t h e  p o s t u l a t e s  made c o n c e r n i n g  
c o m p l e x e s  I  h a v e  b e e n  c o n f i r m e d  by t h e  m o l e c u l a r  s t r u c t u r e
ar e  s i m i l a r  t o  c o m p l e x e s  s u c h  as
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EX PER I  MENTAL
Sec t i o n  1 .
G e n e r a l  .
I n s  t r u m e n t a  t i o n .
I n f r a - r e d .  s p e c t r a  ( 4 0 0 0 - 4 0 0 c m .  ) w e r e  r u n  on P e r k i n -
Elmer G r a t i n g  S p e c t r o p h o t o m e t e r s ,  m o d e l s  225 ? 457 > and- 257*  
Carbon m o n ox i d e  and t h e  1 6 0 3 c m.   ^ band i n  p o l y s t y r e n e  w e r e  
u s e d  f o r  c a l i b r a t i o n .  The e l e c t r o n i c  s p e c t r a  ( 1 0 , 0 0 0 -  
4 0 , 0 0 0 cm.  o f  b o t h  s o l i d s  and s o l u t i o n s  w e r e  r e c o r d e d  
u s i n g  a Beckman DK-2A s p e c t r o p h o t o m e t e r  w i t h  a l e a d  s u l p h i d e  
c e l l  a s  d e t e c t o r  a t  w a v e numbe r s  l e s s  t h a n  1 4 , 0 0 0 cm.  ^and  
a p h o t o m u l t i p l i e r  t ube  a t  h i g h e r  f r e q u e n c i e s .  The f a r  
i n f r a - r e d  s p e c t r a  ( 4 0 0 - 4 0 csi .  1 ) w e r e  o b t a i n e d  u s i n g  an  
RIIC PS 7 2 0  i n t e r f e r o m e t e r  c o u p l e d  w i t h  an P . T . C . 1 0 0  
a n a l o g  t o  d i g i t a l  c o m p u t e r .  The r e s o l u t i o n  o f  t h i s  
i n s t r u m e n t  i s  f 5 c m . " -  and t h e  f r e q u e n c y  i s  c h e c k e d  u s i n g  
an e l e c t r o n i c  p u l s e  a t  1 3 6 cm.  P r e l i m i n a r y  ^ H n . m . r .
s p e c t r a  w e r e  r u n  a t  oOM.Hz.  on a V a r i a n  R10 i n s t r u m e n t .
More d e t a i l e d  s p e c t r a  w e r e  o b t a i n e d  a t  220MHz.  on a
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V a r i a n  HR- 220  s pec t rome tan Bot h  i n s t r u m e n t s  we r e  f i t t e d  
w i t h  c o l d  t e m p e r a t u r e  p r o l e s .  Ma g ne t i c  s u s c e p t i b i l i t y  
m e a s u r e m e n t s  w er e  c a r r i e d  ou t  u s i n g  a Guay b a l a n c e .
Mic r  o a n a l y s e s .
M i c r o a n a l y s e s  w er e  c a r r i e d  o u t  by C . E .  O ' B r i e n  
and h i s  c o l l e a g u e s  a t  I m p e r i a l  C h e m i c a l  I n d u s t r i e s  L i m i t e d ,  
P e t r o c h e m i c a l  and Po l ymer  L a b o r a t o r y ,  Ru n co r n .
R e a c t i o n  C o n d i t i o n s .
R e a c t i o n s  we r e  c a r r i e d  o u t  u nde r  n i t r o g e n  or i n  v a c u o ,  
where  a p p r o p r i a t e .  The s o l v e n t s  u s e d ,  m a i n l y  
t e t r a h y d r o f u r a n  ( T . H . F . )  and t o l u e n e / , w e r e  d r i e d  ( S e e  
b e l o w )  and pu r g e d  w i t h  n i t r o g e n  b e f o r e  u s e .  R e a c t i o n  
v e s s e l s  w e r e  pumped o u t  and op e n e d  t o  n i t r o g e n  3 t i m e s  
b e f o r e  i n t r o d u c t i o n  o f  the  s o l v e n t  and r e a c t a n t s .  The 
s o l v e n t s  v /h i ch  w e r e  u s e d  u n d e r  vacuum c o n d i t i o n s  w e r e  d e ­
g a s s e d  a f t e r  p u r g i n g  w i t h  n i t r o g e n .
i
S o l v e n t s .
T o l u e n e ,  w i t h  l o w  s u l p h u r  c o n t e n t ,  was  d r i e d  by s t a n d i n g  
i t  o v e r  s o d i u m  w i r e .  T . H . F .  was- d i s t i l l e d  d i r e c t l y  i n t o  
the  r e a c t i o n  f l a s k  a f t e r  i t  had b e e n  d r i e d  w i t h  HaOH p e l l e t s
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and s o d i u m  w i r e ,  and t h e  c h a r a c t e r i s t i c  b l u e  c o l o u r  had  
be e n  o b t a i n e d  on a d d i t i o n  o f  f u r t h e r  s od i u m w i r e  and  
b e n z o p h e n o n e .  M e t h y l e n e  c h l o r i d e  was d r i e d  by r u n n i n g  i t  
down an a c t i v a t e d  a l u m i n a  c o l u m n .  A l l  o t h e r  s o l v e n t s  u s e d  
were  " An a l a R ” and no s p e c i a l  d r y i n g  t e c h n i q u e s  w e r e  e m p l o y e d .
The p r o g r e s s  o f  c e r t a i n  r e a c t i o n s  was f o l l o w e d  by  c h a n g e s  
i n  t h e  i n f r a - r e d  s p e c t r u m  o f  t h e  r e a c t i o n  m i x t u r e .  T h i s  
t e c h n i q u e  was  u s e d  m o s t  e x t e n s i v e l y  i n  r e a c t i o n s  i n v o l v i n g  
m e t a l  c a r b o n y l s .
S t a r t i n g  m a t e r i a l s ,  u n l e s s  o t h e r w i s e  s t a t e d ,  w e r e  
p r e p a r e d  by t h e  met hod  g i v e n  i n  t h e  a t t a c h e d  r e f e r e n c e .
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S e c t i o n  2 .
P r e p a r a t i o n  o f  Some Di c h l o r i d e  C o mpl e x es
I I  I Io f  P a l l a d i u m  and P l a t i n u m  .
The c o m p l e x e s  h a v e  t he  g e n e r a l  f o r m u l a  ( L-L )MC1 g » 
where  L-L =  l , 2  h i s - d i p h e n y l p h o s p h i n o  e t h a n e ,  1 , 2  b i s -  
d i m e t h y l p h o s p h i n o  e t h a n e ,  b i s - d i p h e n y l p h o s p h i n o  m e t h a n e ,  
0 - p h e n y l e n e  b i s - d i e t h y l a r s i n e , 1 , 5  d i t h i a h e x a n e , 1 , 2  d i -  
t h i o p h e n y l  e t h a n e  j M-  P d , P t .
a ) P r e p a r a t i o n  o f  C h e l a t i n . r  L i g a n d s .
1 , 5  d i t h i a h e x a n e  was o b t a i n e d  c o m m e r c i a l l y ,  0 - p h e n y l e n e  
b i s - d i e t h y l a r s i n e  was  a g i f t  f ro m Mr.B.  D o bb s ,  I m p e r i a l  
C h e m i c a l  I n d u s t r i e s  L i m i t e d ,  1 , 2  b i s - d i p h e n y l p h o s p h i n o
125  125
e t h a n e  , b i s - d i p h e n y l p h o s p h i n o  me t ha n e  , and 1 , 2  d i -
126 . 
t h i o p h e n y l  e t h a n e  we r e  p r e p a r e d  a c c o r d i n g  t o  t h e
1 i  t e r a  t u r e .
P r e p a r a t i o n  o f  1 , 2  b i s - d i m e t h y l p h o s p h i n o  e t h a n e ,
Me o PC H 2CII o Pile o *
60gms . ( 0 . 5I m o l e s )  o f  !,!e2 - (  S) P( sjl leg'*’^  w e r e  h e a t e d
10$
w i t h  lOOgms.  o f  i r o n  powder i n  a vacuum d i s t i l l a t i o n  
a p p a r a t u s  u n t i l  a l l  t h e  Me2 P( S) ? ( s ) l i e 2 had m e l t e d  ( 2 5 0 ° C ) .  
On h e a t i n g  more s t r o n g l y  ( w i t h  a Bunse n  b u r n e r ) ,  t e t r a -  
m e t h y l  d i p h o s p h i n e ,  MegPPMeg,  d i s t i l l e d  o f f .  MegPPMeg 
( 24s m s • i 0 . 2 m o l e s )  was  c l e a v e d  by s t i r r i n g  f o r  12  h o u r s  
w i t h  L i  ( 3 g m s . )  i n  2 0 0 m l s .  T . H. P .  c o n t a i n i n g  a c a t a l y t i c  
amount  o f  n a p h t h a l e n e .  9 »9gms . ( O . l m o l e )  o f  1 , 2  d i c h l o r o -  
e t h a n e ,  i n  5 0 m l s .  T . H . P . , w e r e  added  d r o p w i s e  t o  t h e  
s o l u t i o n  o f  LiPMe^,  t h e  r e a c t i o n  m i x t u r e  b e i n g  k e p t  a t
o
- 4 0  C. 7/hen a d d i t i o n  was c o m p l e t e ,  t he  s o l u t i o n  was  
s t i r r e d  a t  room t e m p e r a t u r e  f o r  a f u r t h e r  2 h o u r s .  
D i s t i l l a t i o n  o f  t h e  c r u d e  r e a c t i o n  m i x t u r e  y i e l d e d  t h e  
d e s i r e d  p r o d u c t  ( B . P t .  5 0 - 6 5 ° C ,  lOmm.Hg) .  The p r o d u c t  
( l 8 . 8 gms .  ; 51 fo b a s e d  on Meg2( S ) P( S ) Me2) was s e a l e d  i n  
a m p o u l e s  and u s e d  w i t h o u t  f u r t h e r  p u r i f i c a t i o n .
b ) P r e p a r a t i o n  o f  (L-L)HCI ^
C o m p l e x e s  o f  t h e  t y p e  ( L - L ) k C 1 2 a r e  n o r m a l l y  p r e p a r e d  
by t h e  r e a c t i o n  o f  a s o l u t i o n  c o n t a i n i n g  t h e  c h e l a t i n g  
l i g a n d  w i t h  a n  a q u e o u s  s o l u t i o n  o f  ITagUCl^ or KgMCl^ 
( M » P d , P t )  and s u b s e q u e n t  d e c o m p o s i t i o n ,  by HC1 or
55 >1 28d i m e t h y l f o r m a m i d e , o f  t he  i n t e r m e d i a t e  s a l t  f o r m e d
A b e t t e r  method o f  p r e p a r i n g  t h e s e  c o m p l e x e s  was  t o  t r e a t
/ \ 129 , .a t o l u e n e  s o l u t i o n  o f  (PhCxOgMClg ( M — P d , Pt) w i  til an
1 0 4
e q u i m o l a r  amount  o f  t he  c h e l a t i n g  l i g a n d .  A f t e r  i n i t i a l  
p r e p a r a t i o n s  by t h e  f o r m e r  r e a c t i o n ,  t h e  l a t t e r  was  u s e d  
e x c l u s i v e l y .
P r e p a r a t i o n  o f  Ph^PCH2 C HpPPh^Pd C l 2jl.
2 , 0 g m s .  ( 0 . 0 5 m o l e s )  o f  Ph2 PCH2CE2 PPh2 w e r e  d i s s o l v e d
i n  l OOml s .  o f  t o l u e n e ,  and added  t o  a s o l u t i o n  o f  1 . 9 g m s .
( 0 . 0 5 m o l e s )  o f  ( PhCll) 2PdCl 2 l a  5 0 ^1 3 . o f  t o l u e n e .  The
r e a c t i o n  m i x t u r e  was  s t i r r e d  a t  7 0  C f o r  2 h o u r s  and a
w h i t e  p r e c i p i t a t e  s e p a r a t e d  o u t .  The s o l i d  was  r e m o v e d  by
f i l t r a t i o n ,  w a s h e d  s e v e r a l  t i m e s  w i t h  t o l u e n e ,  and
c r y s t a l l i s e d  f ro m h o t  d i m e t h y l f o r m a m i d e . ( Y i e l d *  2 . 5 g ms *>
8 0 ^ ) ,  The p r o d u c t  was f o u n d ,  f rom i t s  a n a l y s i s  and m e l t i n g
p o i n t ,  t o  be i d e n t i c a l  w i t h  a s a m p l e  p r e p a r e d  by t he
55
r e a c t i o n  o f  Ph2 PCH2CH2?Ph2 w i t h  ITagPdCl^.
The f o l l o w i n g  c o m p l e x e s  were  p r e p a r e d  i n  a s i m i l a r
55 1 2 8
m a n n e r : -  PhgPCHgCHgPPhgPtCl 2 , MegPCHgCEgPMegPdClg ,
12 8  1 5 0
Me2 PCH2CH2 P^e2 P t c l 2 , MeSCH2CH2 SMePdCl2 , 
PhSCH2 CH2 SPhPdCl 2 1 ^  , Ph2 PCH2 PPh2 PdCl 2 , C 6H4 ( A s S t  g ) 2 PdCl 2 , 
and A s E t 2 ) 2 PtCl  2 . ^ l e  5 o f  t h e s e  c o m p l e x e s
h a v e  n o t  b e e n  r e p o r t e d  p r e v i o u s l y .
Pho PCHpPPhpPdCl g , w h i t e  n e e d l e s ;  d o e s  n o t  m e l t  b e l o w  5 0 0 °C ; 
( P o un d :  C , 5 3 - 1  ; H , 3 . 9 .  C2 ^H2 2C1 2 P2 P8 r e q u i r e s :  C , 5 3 . 5 ;
The d i a r s i n e  c o m p l e x e s  w e r e  c h a r a c t e r i s e d  by t h e i r  f a r
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i n f r a - r e d  s p e c t r a ,  b u t  n o t  by a n a l y s i s .  Ho w e v e r ,  t h e i r  
m e r c a p t i d e  d e r i v a t i v e s  ?/ere f u l l y  c h a r a c t e r i s e d  ( S e c t i o n  3 a ) .
h e x a d i e n e - P t C l  was  p r e p a r e d  by t h e  r e a c t i o n ^ 2 
o f  1 , 5  h e x a d i e n e  w i t h  an  a q u e o u s  s o l u t i o n  o f  K2 P t C l ^ .
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S e c t i o n  5.
P r e p a r a t i o n  o f  T r a n s i t i o n  Met a l  M e r c a p t i d e  C o m p l e x e s .
. I I  I I
a ) M e r c a p t i d e  c o m p l e x e s o f  Pd and Pt  •
The c o m p l e x e s  h a v e  t h e  g e n e r a l  f o r m u l a  (L-L) l ; l (SR) 2  
( L - L a  1 , 2  b i s - d i p h e n y l p h o s p h i n o  e t h a n e ,  O p h e n y l e n e  b i s -  
d i e t h y l  a r s i n e ;  M = P d , P t ;  R = Me , Ph) .
C o m p l e x e s  o f  t h e  t y p e  ( L — t r i - a l k y l / - a r y l
\ 133p h o s p h i n e s ;  M = H i , ? d : R =  E t , P h )  h a v e  b e e n  p r e p a r e d  by
t r e a t i n g  L^MCl^ w i t h  an e t h a n o l i c  s o l u t i o n  o f  HaSR (R =  E t , P h ) .
Sodium m e t h y l  m e r c a p t i d e ,  NaSMe, and s o d i u m  p h e n y l
m e r c a p t i d e  v/ere  p r e p a r e d  by t h e  r e a c t i o n  o f  s o d i u m  s h o t
w i t h  t h e  c o r r e s p o n d i n g  t h i o l .  (Low t e m p e r a t u r e  p r o c e e d u r e s ,
s i m i l a r  t o  t h o s e  r e q u i r e d  f o r  t h e  p r e p a r a t i o n  o f  ( L - L ) K ( S M e ) 2
as d e s c r i b e d  b e l o w ,  w e r e  n e c e s s a r y  f o r  t h e  p r e p a r a t i o n  o f
NaSMe).  The w h i t e  s o l i d s  were  f i l t e r e d  o f f  f rom t h e  s o l v e n t
( d i e t h y l  e t h e r ) ,  w a s h e d  w i t h  e t h e r ,  and s t o r e d  u n d e r  n i t r o g e n
u n t i l  r e q u i r e d .  NaSMe was a l s o  p r e p a r e d  by c l e a v i n g
d i m e t h y l  d i s u l p h i d e ,  MeS-SMe,  w i t h  Ha/  l i q u i d  ammonia ,  and
o
w a s h i n g  t h e  p r o d u c t  w i t h  l i q u i d  ammonia a t  - 5  0 C.
10?
The y i e l d s  o f  t h e  p a l l a d i u m  and p l a t i n u m  m e r c a p t i d e  
c o m p l e x e s ,  ( L - L ) m ( s R ) 2 » o b t a i n e d  by t h e  l i t e r a t u r e  m e t h o d ’*-'^  
f o r  t h e  p r e p a r a t i o n  o f  t h e  p a l l a d i u m  c o m p l e x e s ,  w e r e  l o w  
due t o  t h e  c o n c u r r e n t  f o r m a t i o n  o f  an u n c h a r a c t e r i s e d  
w a t e r  s o l u b l e  c o m p l e x .  A b e t t e r  met hod  o f  p r e p a r a t i o n  o f  
( L - L ) m ( S R ) 2 > vzas t o  r e a c t  a l a r g e  e x c e s s  o f  t h e  t h i o l  
(MeSH or PhSH) w i t h  ( L-LjMCl g  i n  t h e  p r e s e n c e  o f  t r i ­
e t h y l  a m i n e ,  ITEt^. A l t h o u g h  b o t h  me t ho d s  w e r e  u s e d ,  t he  
l a t t e r  was  u s e d  much more e x t e n s i v e l y .
P r e p a r a t i o n  o f  Ph^PCEUCHoPPhp PdCSMe) o*
A s u s p e n s i o n  o f  2 . 0 g m s .  ( 3 . 5 m . m o l e s ) o f
o f  t o l u e n e ,  i n  a 25
O
f l a s k  f i t t e d  w i t h  a d r y - i c e  c o n d e n s o r ,  was c o o l e d  t o  - 7 8  C 
i n  a b a t h  o f  s o l i d  C C ^ / a c e t o n e .  1 . 4 ^ 1 s .  ( l g m . ; 1 0 m . m o l e s )  
o f  t r i e t h y l a m i n e  and 1 ml .  ( 0 . 8g m s . j  1 7 m . m o l e s )  o f  
me t h a n e - t h i o l  w e r e  a d d e d  and t h e  r e a c t i o n  m i x t u r e  was  
a l l o w e d  t o  h e a t  up t o  room t e m p e r a t u r e  w i t h  t h e  d r y - i c e  
c o n d e n s o r  s t i l l  i n  p o s i t i o n .  The s u s p e n s i o n  was  s t i r r e d  
f o r  8 h o u r s ,  and t h e  c o l o u r  c h a n g e d  f ro m w h i t e  t o  y e l l o w .
The d r y - i c e  c o n d e n s o r  was t h e n  r e mo v e d  and e x c e s s  MeSH 
( B . P t .  6 °C)  was  a l l o w e d  t o  e v a p o r a t e  o f f .  The r e a c t i o n  
m i x t u r e  was f i l t e r e d ,  t he  r e s i d u e  was  w a s h e d  w i t h  w a t e r ,  
t h e n  c o l d  e t h a n o l ,  and c r y s t a l l i s e d  f rom h o t  e t h a n o l  a s  
y e l l o w  c r y s t a l s .
1 0 8
Ph 2 PC H 2 C;; 2 P ?h  2 P d ( S :.!e) 2 , P t .  19 5 - 7 * 0 ;  ( P o un d :  C , 5 6 -4 : 2 , 5 . 1 ;  
P , 1 0 . 2 ;  S , 1 0 . 2 .  C2gH^Qp2 PdS2 r e q u i r e s :  C , 5 6 . 2 ;  H , 5 * 2 ;  
p , l 0 . 3 ; S j l o . D . i ) .
I n  t h e  a n a l o g o u s  p r e p a r a t i o n s  w he r e  t h i o p h e n o l  was  
u s e d  i n s t e a d  o f  m e t h a n e - t h i o l , t h e r e  was  no n e e d  f o r  i n i t i a l  
c o o l i n g  or f o r  t h e  u s e  o f  a d r y - i c e  c o n d e n s o r ,  o t h e r w i s e  
t h e  r e a c t i o n  c o n d i t i o n s  and p u r i f i c a t i o n  o f  t h e  p r o d u c t s  
we r e  t h e  same .
S i m i l a r l y  p r e p a r e d  w e r e : -
PhgPCHoCHo PPhp P t f  SKe ) p ? y e l l o w  c r y s t a l s ;  M . P t .  2 4 0 - 2 ° C  ;
( P o u n d :  C , 4 8 . 9 ;  H , 4 . 4 »  P , 8 . 6 ; S , 9 » l .  C 2 8 ^3 0‘P2 I>^ 2  re<l u i r e s i  
C . 4 8 . 9 ;  2 , 4 . 4 }  P , 9 . 0 j S , 9 - 3 i ) .
Ph2 PCHgCHp?Ph9 P t (  5 Ph ) o , y e l l  ow r o d s ;  M. Pt .  2 2 2 - 5 °C;
( Po u n d :  C , 5 6 . 4 ;  2 , 4 * 2 .  C g l g ^ P g P t S g  r e q u i r e s :  C , 5 6 . 2 ;  H , 4 . 2 5 a ) .
s E t 2 ) p Pd( SLIe) p , ( r e c r y s t a l l i s e d  f r om t o l u e n e ) ;  
o r a n g e  c r y s t a l s ;  11, P t .  1 5 1 “ 5 8 ; ( P o u n d :  0 , 5 5 * 4 ;  H , 5 » 8 .
^ 1 6 H50 A s 2 ?C^ S 2 r e { iu;i-r e s :  c >35*2;  H,5«67«)*
£ 6a 4 i i =  E t p ) o ? t ( S M e ) o , ( r e c r y s t a l l i s e d  f rom t o l u e n e ) ;  
p a l e  y e l l o w  c r y s t a l s ;  M . P t .  1 5 0 “ 2 C; ( Po und:  C , 5 1 . 0 ;
H , 4 . 7 .  c p 5 H^oA s 2 I>tS2 re<l u i r e S :  C > 3 1 ‘ ° ;  0 , 4 . 7$ ) .
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C g E . U s E t g j  2 ?d(  S P h ) 2 i ( r e c r y s t a l l i s e d  f rom t o l u e n e ) ;  
r e d / o r a n g e  c r y s t a l s ;  M . P t .  1 6 5 “ 3°C;  ( p o u nd :  C , 4 6 . 9 ;  H, 5»3«  
C2 8 H36A s 2 ?c1S2 r e  q u i r e s : C , 4 7 . 0 ;  1 1 , 5 . 1 $ ) .
The a b o v e ,  a i r  s t a b l e  c o m p l e x e s  we r e  o b t a i n e d  i n  y i e l d s
by t h e  a b o v e  r o u t e  had  t h e  same m e l t i n g  p o i n t  and i n f r a - r e d
1 3 5s p e c t r u m  a s  t h a t  o b t a i n e d  by t h e  l i t e r a t u r e  p r o c e e d u r e .
A t t e m p t s  t o  p r e p a r e  MegPCHgCHgPMegMt SR)g  w e r e  u n s u c c e s a f u l  
i n  t h a t  t h e  r e a c t i o n s  g a v e  1 0 0 $  y i e l d s  o f  a y e l l o w / o r a n g e  
w a t e r  s o l u b l e  s p e c i e s  o f  unknown i d e n t i t y .
The r e a c t i o n  o f  PhSCHgCUgSll1 ^ ^ ' !  w i t h  MeSH and NEt^ 
u n d e r  t h e  a b o v e  c o n d i t i o n s  l i b e r a t e d  PhSCHgCHgSPh, and  
y i e l d e d  a s o l i d  w h i c h  was e x t r e m e l y  i n s o l u b l e  i n  a l l  s o l v e n t s  
t r i e d .  The a n a l y t i c a l  f i g u r e s  f o r  t h i s  s o l i d ,  a l t h o u g h  
s h o w i n g  a r a t h e r  w i d e  v a r i a t i o n  o v e r  s e v e r a l  r e a c t i o n s ,
i n s o l u b l e  p r o d u c t  and t h e  c o r r e s p o n d i n g  c h e l a t i n g  l i g a n d  
w e r e  o b t a i n e d  from a t t e m p t e d  p r e p a r a t i o n s  o f  
MeSCH2CH2 S Me Pd( SPh) 2 , PhgPCHgPPhgPdC SMe) 2 , and l p - h e x a -  
d i e n e P t C l p . (The p r e s e n c e  o f  t h e  f r e e  l i g a n d  was  
e s t a b l i s h e d  by t h e  i n f r a - r e d  s p e c t r u m  o f  t h e  f i l t r a t e  a f t e r
o f  o v e r  8 0 $ .  A s a m p l e  o f  Ph^PCH^CH^PPh^Pd( SPh)  ^ p r e p a r e d
a p p r o x i m a t e  t o  t h o s e  r e q u i r e d  f o r A s i m i l a r
t h e had b e e n  removed and t h e  f i l t r a t e  h ad  b e e n
c o n c e n t r a t e d ) .
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The r e a c t i o n s  o u t l i n e d  i n  t he  p r e v i o u s  p a r a g r a p h  c a n
be c o mp a r e d  w i t h  some p r e l i m i n a r y  a t t e m p t s  t o  p r e p a r e
c o m p l e x e s  o f  t he  t yp e  ( L-L ) Pt  ( ^  Th-© r e a c t i o n  o f  NaPMeg
w i t h  Ph^PCH^CHpPPhpPtC^ i n e t h e r ,  l i b e r a t e d  t h e  c h e l a t i n g
d i p h o s p h i n e ,  Ph2 PCH^CB^PPi^ • A l s o ,  i n  t h e  r e a c t i o n  o f  
/ v 14SP t ( P P h j ) ^  w i t h  V i e 2  ’ "^e t r i p h e n y l  p h o s p h i n e
was l i b e r a t e d .
. i v
b/ Merc a p t o  C o mp l ex e s  o f  T i t a n i u m
Two m e t h o d s  u e r e  u s e d  f o r  t h e  p r e p a r a t i o n . o f  t h e
c o m p l e x e s  C p ^ T ^ S R ) ^  ( R = l i e , P h )  : -
i )  The r e a c t i o n  o f  Cp^TlCl^ w i t h  t h e  c o r r e s p o n d i n g
48
s o d i u m  s a l t ,  ITaSR . • 
i i )  The r e a c t i o n  o f  Cp2 T i C l 2 w i t h  t h e  a p p r o p r i a t e  t h i o l  
(MeSH or PhSH) i n  t he  p r e s e n c e  o f  t r i e  t h y l  a m i n e ,
80
N E t x .
j
Method ( i )  h a s  t h e  d i s a d v a n t a g e  t h a t  t h e  s o d i u m s a l t s ,
NaSR, h a v e  t o  be c o m p l e t e l y  f r e e  f r o m m e t a l l i c  s o d i u m
. I l l  n _ ,
o t h e r w i s e  r e d u c t i o n  t o  Ti  t a k e s  p l a c e .  S u b s e q u e n t  r e -
o x i d a t i o n  by a t m o s p h e r i c  o x y g e n  d u r i n g  work up l e a d s  t o
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c o m p l e x e s  c o n t a i n i n g  T i - O - T i  l i n k a g e s ^  . Even  t h e  u s e  
o f  v e r y  pure  s a l t s  ( a s  p r e p a r e d  by t h e  ITa/HH^ met hod  
o u t l i n e d  i n  S e c t i o n  ; a ,  a b o v e )  l e a d s  t o  s i m i l a r  p r o d u c t s .  
Method ( i i ) ,  w h i c h  d o e s  n o t  h a v e  t h i s  d i s a d v a n t a g e , was
I l l
u s e d  e x c l u s i v e l y  a f t e r  p r e l i m i n a r y  r e a c t i o n s  had shown  
the d i f f i c u l t i e s  w h i c h  a r o s e  u s i n g  method ( i ) .
P r e p a r a t i o n  o f  C p T i ( S P h ) 2
4 . 0 g m s ,  ( l o r n . m o l e s )  o f  Cp2 T i C l 2 w e r e  r e f l u x e d  f o r  
3 h o u r s  i n  b e n z e n e  c o n t a i n i n g  5 » 6 m l s .  ( 4gnis . , 4 0 m»Iri° l a s ) 
o f  NEt_ and 4 » 5 1&ls .  ( 4 . 5 g ms . ,  4 4 m*m° l e s )  o f  PhSH.  The 
m i x t u r e  was a l l o w e d  t o  c o o l ,  and t h e n  e l u t e d ,  w i t h  b e n z e n e ,  
down a s h o r t  s i l i c a  c o l u m n .  The p u r p l e  s o l u t i o n  was  
c o n c e n t r a t e d  u n t i l  c r y s t a l s  s e p a r a t e d .  Th e s e  c r y s t a l s  
we r e  r e c r y s t a l l i s e d  f rom t o l u e n e / h e x a n e  m i x t u r e s .  
C o n c e n t r a t i o n  o f  t he  o r i g i n a l  m o t h er  l i q u o r  a f f o r d e d  a 
f u r t h e r  c r o p  o f  c r y s t a l s .
( O v e r a l l  y i e l d : -  4 * 9 g m s . ,  7 6 / 0  •
CP2 Ti ( SMe )p  was p r e p a r e d  i n  a s i m i l a r  ma nne r ,  t h o u g h  
i n i t i a l  c o o l i n g  o f  t he  r e a c t i o n  m i x t u r e ,  b e f o r e  
i n t r o d u c t i o n  o f  t he  m e t h a n e - t h i o l , and t h e  u s e  o f  a d r y - i c e  
c o n d e n s o r  t h r o u g h o u t  w e r e  r e q u i r e d  t o  s t o p  e v a p o r a t i o n  o f  
MeSH. ( Y i e l d  = 6 4 # ) *
The c o m p l e x e s  w e r e  c h a r a c t e r i s e d  by a n a l y s i s  and
1
c o m p a r i s o n  o f  t h e i r  m e l t i n g  p o i n t s  ana  H n . m . r .  s p e c t r a
48
w i t h  t h e  l i t e r a t u r e  d a t a
R e a c t i o n s  ( i )  and ( i i )  f a i l e d  t o  g i v e  ( t f-MeC^H^) 2 T i (  SMe ) 2 ,
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C p2 .Ti( SCI^CII^S) , and C pTi  ( SLIe ) - . ( C p T i C l ^ ,  w h i c h  was used.
i n  t h e  p r e p a r a t i o n  o f  C pTi (  SLIe ) _., was  ob t a i n e d ,  f r om t h e
1  " 4 .
r e a c t i o n  o f  Cp2 T i C l 2 w i t h  C l 2 ) .  B l a c k  t a r s  w e r e  o b t a i n e d ,  
from t h e  f i r s t  two a t t emp t ed ,  p r e p a r a t i o n s ,  and an  
i n t r a c t a b l e  y e l l o w  powder was o b t a i n e d  f r om t h e  t h i r d .
The c o m p l e x  C p 2 T i ( 0 P h ) 2 was p r e p a r e d  by  t he  met hod  o f  
1 ^8Andra , and was c h a r a c t e r i s e d  by  i t s  m e l t i n g  p o i n t  and  
^ H n . m . r .  s p e c t r u m .
1 1 3
S e c t i o n  4 .
A t t e m p t s  t o  P r e pa r e  Some Other  
t i t a n i u m  and N i c k e l  C o m p l e x e s .
A l t h o u g h  Cp2T i ( C = C P h ) 2 » p r e p a r e d  by t h e  r e a c t i o n  o f
1 36 , 1  37
NaCsCPh w i t h  C p g T i C ^ ,  h as  b e e n  r e p o r t e d  , a t t e m p t s
to r e p e a t  t h e  r e a c t i o n  a l m o s t  a l w a y s  g a v e  p r o d u c t s  
c o n t a m i n a t e d  w i t h  o x y g e n  ( S e e  S e c t i o n  3 b ) .  c o m p l e x  
w i t h  a n a l y t i c a l  f i g u r e s  v e r y  c l o s e  t o  t h o s e  r e q u i r e d  f o r  
CP2 Ti ( C1 ) C = CPh was o b t a i n e d  i n  one o f  t h e  p r e p a r a t i o n s .  
(Pound:  C , 67 . 2 : H , 5 . 0 ;  C l . 1 4 . 3 .  C ^ H ^ C l T i  r e q u i r e s :
C , 6 8 . 7  ; H , 4 . 3 :  Cl , 1 1 . 5 # ) .
When e q u i m o l a r  amounts  o f  Hg(C = CPh) 2 and Cp2 T i C l 2 w e r e
h e a t e d  t o g e t h e r  i n  t o l u e n e  a t  t e m p e r a t u r e s  r a n g i n g  f r om
20-110*  C no r e a c t i o n  was o b s e r v e d  and o n l y  s t a r t i n g
m a t e r i a l s  w e r e  r e c o v e r e d .  S i m i l a r l y ,  when lie ^SiCHC Ph
and Cp2 T i C l 2 w e r e  h e a t e d  t o g e t h e r ,  i n  t he  a b s e n c e  o f  s o l v e n t ,
under vacuum,  no e x c h a n g e  r e a c t i o n  t o o k  p l a c e .  (Hg(Ci=CPh)
and MejSiC=CPh w er e  p r e p a r e d  by t he  r e a c t i o n  o f  NaC =  CPh
w i t h  HgCl and He S i C l  , r e s p e c t i v e l y .  They w e r e  
2 3
1.14
c h a r a c t e r i s e d  by c o m p a r i s o n  o f  t h e i r  m e l t i n g  p o i n t  and
1 ^3 , 1 3 9
b o i l i n g  p o i n t ,  r e s p e c t i v e l y ,  w i t h  the  l i t e r a t u r e  v a l u e s  
Me^SiC=CPh v,ra s  a l s o  c h a r a c t e r i s e d  by i t s  ^ E n . m . r ,  s p e c t r u m ) ,
1 4 0
The c o m p l e x  Cp2 TiMe2 i s  r e p o r t e d  t o  d e c o m p o s e  t o
. I ICpgT'i. a t  t e m p e r a t u r e s  above  9 0  C, b u t  when Cp2 TiMe2 or  
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Cp2TiPh-2 was s t i r r e d  w i t h  p h e n y l  a c e t y l e n e ,  HC=CPh,  
i n  t o l u e n e ,  a t  5 0 °C or be l ov / ,  no r e a c t i o n  was o b s e r v e d .  
H e a t i n g  t o  h i g h e r  t e m p e r a t u r e s  y i e l d e d  an i n t r a c t a b l e  r e d  
t a r .  I t  was  f o u n d  t h a t  when HC=CPh i t s e l f  was  h e a t e d  i n  
t o l u e n e  a b o v e  50 ° C ,  a s i m i l a r  i n t r a c t a b l e  r e d  t a r  was  
o b s e r v e d .
1 3 5
The c o m p l e x  Pho P0H CH0 PPh0 Ni (  S P h ) 9 h a s  b e e n  r e p o r t e d  
 ^  ^  ^  ^ . 1 42  
as a r e d  s o l i d ,  p r e p a r e d  by t r e a t i n g  PhgPCHgCHgPPh ITiClg
w i t h  NaSPh i n  e t h a n o l .  when t h i s  r e a c t i o n  was r e p e a t e d ,
and when a s i m i l a r  r e a c t i o n  w i t h  HaSMe was c a r r i e d  o u t ,
the p r o d u c t s  we r e  f o u n d  t o  d e c o mp o s e  t o  brown powder s  on
a t t e m p t e d  r e c r y s t a l l i s a t i o n s  f rom e t h a n o l .  The same t y p e
of  d e c o m p o s i t i o n  was  o b s e r v e d  when Ph g PC H^ Eg P Ph g Ni Cl g  was
r e a c t e d  w i t h  t h i o l s  ( L!e SH and PhSH) i n  t o l u e n e ,  i n  t h e
p r e s e n c e  o f  NEt-, .3
/ \ • 1 4 3The u s e  o f  b i p y r i d y l  n i c k e l  d i b r o m i d e  (,C^qHq1T2 )ITiBr2
i n s t e a d  o f  PhgPCHgCHgPPhgSiCl2 d i d  n o t  l e a d  t o  t h e
d e s i r e d  p r o d u c t s ,  ( C± ^ITi  ^ SH  ^2 ’ r e a c t i o n s  a n a l o g o u s
to t h o s e  m e n t i o n e d  a b o v e .
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A t t e m p t s  t o  p r e p a r e  b i r y r i d y l  n i c k e l  b i s -
( p h e n y l a c  e t y l i d e  ) , (C-  ^ )i'Ti( C=C Ph ) 2 ? by t h e  r e a c t i o n
of  NaCHCPh w i t h  ( ChqHqN2 ) N i B r 2 i n  e t h e r  and l i q u i d  ammonia
were  u n s u c c e s s f u l ,  a s  was  t he  r e a c t i o n  o f  f r e e  b i p y r i d y l  w i t h
I 44
t r a n s - (  PPhx ) ?N i ( C= CP h ) p  i n  t o l u e n e .
Sec t i o n  5 .
P r e p a r a t i o n  o f  C h e l a t i n g  D i s u l p h i d e  Group VI T e t r a c a r b o n y l s .
The c o m p l e x e s  h a v e  t h e  g e n e r a l  f o r m u l a  RSCHgCHgSRM1( C0)
( R = Me , Ph ; M ' r  Cr , Mo, U>.  The c o m p l e x e s  MeSCHgCHgSMeH1 ( C 0)  ^
7 0were p r e p a r e d ,  a s  i n  t he  l i t e r a t u r e  , by  t he  r e a c t i o n  o f
2 , 5  d i t h i a h e x a n e  w i t h  t h e  Group VI h e x a c a r b o n y l s , i n  t he  
a b s e n c e  o f  s o l v e n t .
P r e p a r a t i o n  o f  PhSCHqCHpSPhl.Iof C0)  ^ .
0 . 2 5 g m s .  ( l m . r a o l e )  o f  PhSCH2 CH2 SKl and 0 . 3 g m s .  ( l m . m o l e )  
nor  b or n a d i e n e Mo( CO)^ w e r e  s t i r r e d  t o g e t h e r  i n  2 5n i l s .  o f  
t o l u e n e  a t  50°C f o r  3 h o u r s .  The d a r k  s o l u t i o n  was  
f i l t e r e d  t h r o u g h  a K i e s e l g u h r  pad and a c l e a r  y e l l o w  s o l u t i o n  
was o b t a i n e d .  The t o l u e n e  was r e mo v e d  a t  r e d u c e d  p r e s s u r e ,  
and t h e  s o l i d  o b t a i n e d  was r e c r y s t a l l i s e d  f rom c h l o r o f o r m .  
( Y i e l d : -  0 . 2 5 g m s . ,  55r$ ( b a s e d  on nor b o r n a d i e n e - l !o(  C 0)  ^ ) )  .
The a n a l o g o u s  t u n g s t e n  c o m p l e x  was  p r e p a r e d  i n  an  e x a c t l y  
s i m i l a r  manner .  ( Y i e l d : -  3 0^ ( b a s e d  on n o r b o r n a d i e n e -V/ ( C 0)   ^ ) )  .
PhSCHg C 1-2 S -ki lo  ( C 0 ) /| , y e l l o w  c r y s t a l s ;  M . Pt .  1 20°C ( Dec omp. ) 
( po u nd :  C , 47 . 7  ; H , 3 . 0 .  C S 2 r e q u i r e s :  0 , 4 7 . 7 ;
H , 3 - l ^ ) *
PhSCHo CH^SPh'.V ( C 0) ^ , y e l l o w  c r y s t a l s ;  M. Pt .  I 4 6 ( D e c o m p . ) ;  
(p ou nd :  0 , 3 9 . 8 ;  H , 2 . 5 .   ^ 2^ r e < i u i r e s :  0 , 4 0 . 0 ;
H, 2 .  6 $ ) .
The c o m p l e x e s  n o r h o r n a d i e n e -M1 ( C0) . (M' = Cr,Mo,W) w e r e
1 4 5 , 1 4 6  ± a j
p r e p a r e d  by  K i n g ' s  method v i a  (CH^CN)M'(CO)  ^ •
The l a t t e r  c o m p l e x e s  w e r e  n o t  p u r i f i e d ,  b u t  a f t e r  r e m o v a l
o f  e x c e s s  a c e t o n i t r i l e , t h e y  we r e  u s e d  i n  s i t u .
1 1 8
S e c t i o n  6 »
T
P r e p a r a t i o n  o f  Copper H a l i d e  C o m p l e x e s ,
a)  P r e p a r a t i o n  o f  1 , 5 c y c l o - o c t a d i e n e  c o p p e r ^  h a l i d e s .
The t i t l e  c o m p l e x e s ,  w h i c h  h a v e  t h e  g e n e r a l  f o r m u l a
( l , 5 c y c l o - o c  t a d i e n e -CuX)q ( X = C l , B r ) ,  were  p r e p a r e d  by  
8 8Todd' s  met h od  . C r y s t a l s  o f  t h e  c o m p l e x e s  w e r e  f i l t e r e d  
from t h e  s o l u t i o n  o f  P(OPh) , 1 , 5 c y c l  o - o c  t a d i e n e  , and  
m e t h a n o l ,  and w as h e d  r a p i d l y  w i t h  lOral s .  o f  a c o l d  ( O^C) ,  5^ 
s o l u t i o n  o f  1 , 5 c y c l o - o c t a d i e n e  i n  m e t h a n o l .  The c r y s t a l s  
were n o t  d r i e d  b e f o r e  t h e y  were  r e a c t e d  w i t h  RSCH2CH2SR 
( S e c t i o n  6 b )  and Cp2 T i ( S R ) 2 ( S e c t i o n  7 b ) ,  a s  i t  v/as f o u n d  
t h a t  s u c c e s s i v e  w a s h i n g s  and d r y i n g  o f  the  c o m p l e x e s ,  by  
pumping i n  v a c u o , removed  some o f  t h e  c o - o r d i n a t e d  l , 5 c y c l o -  
oc t a d i e n e .
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b ) Pr e p a r a t i o n o f  c h e l a  t in; ;  d i s u l p h i d e  c o m p l e x e s  o f  
Tc o p p e r  h a l i d e s .
Th e s e  c o m p l e x e s  h a v e  the  g e n e r a l  f o r m u l a  ( RSCH^CH SRCuX) ^ 2 2 n
(R= Me , Ph ; X = C l , B r ) .
P r e p a r a t i o n  o f  (MeSCE2C5p SMeCuCl) nJL
1 . 7 g m s .  ( 1 0 m . m o l e s )  o f  CuC1 2 . 2H20 were  d i s s o l v e d  i n  
jOmls .  m e t h a n o l .  j . l g m s .  ( 1 0 a . m o l e s )  o f  P(OPh)^ w e r e  a dded  
f o l l o w e d  i m m e d i a t e l y  by 2»5 d i  t h i a h e x a n e , and t h e
f l a s k  was s h a k e n  to  mix t h e  r e a c t a n t s .  The s o l u t i o n ,  
i n i t i a l l y  d a r k  brown,  was  a l m o s t  c o l o u r l e s s  a f t e r  s t a n d i n g  
at room t e m p e r a t u r e  f o r  12  h o u r s .  On a d d i t i o n  o f  a s m a l l  
volume o f  p e n t a n e  ( ^ m l s , )  w h i t e  c r y s t a l s  b e g a n  t o  s e p a r a t e .  
A f t e r  s t a n d i n g  f o r  a f u r t h e r  24 h o u r s ,  t he  c r y s t a l s  w e r e  
f i l t e r e d  o f f  u n d e r  n i t r o g e n ,  w a s h e d  w i t h  p e n t a n e ,  and d r i e d  
a t  room t e m p e r a t u r e  i n  v a c u o . A l t h o u g h  the  c r y s t a l s  s e e me d  
s t a b l e  when p r e c i p i t a t i n g  f rom t h e  2 , 5  d i t h i a h e x a n e  r i c h  
mother  l i q u o r ,  t h e y  d ec o mp o s ed  i n  a i r ,  when d r y .
The c o r r e s p o n d i n g  bromi de  c o m p l e x  was p r e p a r e d  i n  a 
s i m i l a r  manner .
I  Me S CII oC H g S Me C uC 1 ) n , w h i t e  c r y s t a l s ;  M. Pt .  1 4 8 - 1 5 0 ° C ;
(PoundjC , 2 0 . 6  ; 3 , 4 - 6 ;  C l , 1 6 . 8 .  ( C^H^CuCl  S 2 ) n r e q u i r e s :
C , 2 1 . 9  ; H, 4 . 6  ; C l , 1 6 . 1 $ ) .
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( He 3 C K g C H 9 S Me C u B r ) -n , w h i t e  c r y s t a l s ;  M. Pt.  1 6 1 - 2  JC ;
( Pound:  C , 17 . 0 ; H , J o ;  Br , 3 1 . 1 .  ( 0BrCuS2 ) n r e q u i r e s :  
C , 1 3 . 0 ;  H. ,3 . 8 ; Br , 3O. O.o) .
P r e p a r a t i o n  o f  ( PhSC H ^ H n SPhCuCl)
1 . 7 g m s .  ( 1 0 m . m o l e s ) . o f  CuC1 2 . 2H2 0 we r e  d i s s o l v e d  i n  
30ml s . m e t h a n o l  and l O m l s .  T . H . P . .  3 . Ignis .  ( 1 0 m . m o l e s )  o f
P(OPh)  ^ w e r e  a d d e d  f o l l o w e d  by 2 . 4 g m s .  ( l O r a . m o l e s )  o f  
PhSCH2CH2 SPh d i s s o l v e d  i n  l O m l s .  T . H . P . .  The m i x t u r e  was  
s h a k e n  and a l l o w e d  t o  s t a n d  f o r  12 h o u r s .  The s o l u t i o n  
g r a d u a l l y  became much l i g h t e r  i n  c o l o u r ,  and w h i t e  c r y s t a l s  
be g a n  t o  s e p a r a t e  o u t .  The c r y s t a l s  we r e  f i l t e r e d  o f f ,  
washed  w i t h  t o l u e n e  and p e n t a n e ,  and d r i e d  i n  v a c u o  a t  
room t e m p e r a t u r e .  Compared w i t h  t he  m e t h y l  d e r i v a t i v e s ,  
t h i s  c o m p l e x  was f ou n d  t o  be  v e r y  a i r  s t a b l e .  The b ro mi d e  
c o mp l e x  was s i m i l a r l y  p r e p a r e d  and was a l s o  f o u n d  t o  be  
a i r  s t a b l e .
.( Ph SC H qC H o S PhC uC 1 ) n , w h i t e  c r y s t a l s ;  M. Pt .  108°C ; ( P o u n d :  
c , 4 9 . 6  ; H , 4 . 1  ; C l , 1 1 . 1 .  ( C1 4 H1 4 Cl CuS2 ) n r e q u i r e s : C , 4 8 . 8 :
H,4 • 1 ; C l , 1 0 .  y/o) .
(PhSCHpCHoSPhCuBr ) n , w h i t e  c r y s t a l s ;  M. Pt .  140°C ; ( P o u n d :  
0 , 4 3 - 0 ;  H , 3 . 7  ; Br , 19 »9 • ( C j ^ H ^ B r C u S ^  r e q u i r e s  : C , 4 3 . 2 ;  
H , 3 . 6 ; B r , 2 0 . 6 4 ) .
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The c o m p l e x e s  ( RSCHgCI^SRCuX) we r e  f o u n d  t o  be i n s o l u b l e  
i n  a l l  s o l v e n t s  t r i e d ,  a f t e r  t he  c o m p l e x e s  had  b e e n  f i l t e r e d  
o f f  a na  d r i e d .  R e c r y s t a l l i s a t i o n  was t h e r e f o r e  n o t  p o s s i b l e  
an d ,  a l t h o u g h  t he  c r y s t a l s  we r e  w e l l  f o r m e d ,  t h i s  p r o b a b l y  
a c c o u n t s  f o r  t h e  r a t h e r  i n a c c u r a t e  d a t a  g i v e n  on t h e  p r e v i o u s  
p a g e s .  I n s o l u b i l i t y  a l s o  p r e c l u d e d  t he  d e t e r m i n a t i o n  o f  
m o l e c u l a r  w e i g h t s ,  b u t  t h i s  i n s o l u b i l i t y  i t s e l f  p r o b a b l y  
i n d i c a t e s  a g g r e g a t i o n  i n  t h e  s o l i d  s t a t e ,  i . e .  n ^ 2 ,  i n  t he  
a b o v e  f o r m u l a t i o n .
A t t e m p t s  t o  p r e p a r e  ( RSCHgCHgSRCuX) n by t h e  r e a c t i o n  
o f  t h e  c h e l a t i n g  d i s u l p h i d e  w i t h  ( 1 , 5 c y c l o - o c t a d i e n e - CuX )?  
( S e c t i o n  6a)  p r o v e d  u n s u c c e s s f u l ,  g i v i n g  p r o d u c t s  w h i c h  
were c o n t a m i n a t e d  w i t h  c u p r o u s  or c u p r i c  h a l i d e s ,  a s  c o u l d  
be i n f e r r e d  f rom t h e  a n a l y t i c a l  f i g u r e s  f o r  t h e  p r o d u c t s  
o b t a in e d *
122
Sec t i o n  7 .
R e a c t i o n s  o f  C p^Ti ( SR )  ^ V i t h  
T r a n s i t i o n  Meta l  C o m p l e x e s .
a ) Reac  t i o n s o f  Cp o Ti (  SR) g ( R = Me , Ph) w i  th
n o r b o r n a d i e n e - H t (CO)  ^ (LI1 r  C r , M o , w ) .
T h e s e  r e a c t i o n s  were  c a r r i e d  o u t  i n  t o l u e n e  a t  room  
t e m p e r a t u r e .  Por  a g i v e n  Group VI m e t a l ,  r e a c t i o n s  w e r e  
much f a s t e r  when R= Me t h a n  when R =  Ph.
P r e p a r a t i o n  o f  Cpg Ti j s Mo( C0 ) ^ .
l g m .  ( 5 . 6 m . m o l e s )  o f  Cp2 T i ( S Me )2 we r e  s t i r r e d  i n  5 0 m l s .  
t o l u e n e  w i t h  l g m .  ( 3« 3m. m o l e s )  o f  n o r b o r n a d i e n e -Mo( CO)^ .
The s o l u t i o n  t u r n e d  f r o m . p u r p l e  t o  d e e p  b l u e  a f t e r  pOmi ns . ,  
but  t h e  r e a c t i o n  m i x t u r e  was s t i r r e d  f o r  a f u r t h e r  6 h o u r s .  
The r e a c t i o n  m i x t u r e  was f i l t e r e d .  The r e s i d u e  was  w a s h e d  
w i t h  a l O m l s .  p o r t i o n  o f  t o l u e n e ,  and s e v e r a l  t i m e s  w i t h  
n - h e x a n e .  The dark  b l u e  s o l i d  was c r y s t a l l i s e d  r a p i d l y  by  
d i s s o l v i n g  i n  m e t h y l e n e  c h l o r i d e ,  f i l t e r i n g ,  a d d i n g  
m e t h y l c y c 1 o h e x a n e , and r e m o v i n g  t he  m e t h y l e n e  c h l o r i d e  a t
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room t e m p e r a t u r e , u n d e r  r e d u c e d  p r e s s u r e .  The s m a l l ,  dark  
b l u e  c r y s t a l s  we r e  w a she d  w i t h  n - h e x a n e  and d r i e d  i n  v a c u o  
a t  room t e m p e r a t u r e .  Somewhat  l a r g e r  c r y s t a l s  w e r e  
o b t a i n e d  by r e c r y s t a l l i s a t i o n  from b e n z e n e ,  i n  w h i c h  t he  
p r o d u c t  was  f o u n d  t o  be s l i g h t l y  s o l u b l e .  G r e a t  c a r e  was  
r e q u i r e d  t o  e x c l u d e  a l l  a i r  f rom t he  b e n z e n e  s o l u t i o n s  
w h i l e  a much s l o w e r  p r e c i p i t a t i o n ,  t h a n  t h a t  m e n t i o n e d  
a b o v e ,  p r o c e e d e d .  A c e r t a i n  amount  o f  d e c o m p o s i t i o n  a l w a y s  
o c c u r r e d  h o w e v e r ,  and t he  l a r g e r  c r y s t a l s  had t o  be r e mo v e d  
m a n u a l l y  f r om t he  d e c o m p o s i t i o n  p r o d u c t s ,  a f t e r  f i l t r a t i o n .  
( Y i e l d  ( a f t e r  r e c r y s t a l l i s a t i o n  from m e t h y l e n e  c h l o r i d e /  
m e t h y l c y c l  o h e x a n e )  : -  1 .  3gms . , 60$  ( b a s e d  on n o r b o r n a d i e n e -  
Mo(CO)4 ) ) .
Cpg Ti ^SMe j o ^° (  c o ) ^ * b l u e  c r y s t a l s ;  d oe s  n o t  d ec o mp o s e  b e l o w  
$ 0 0 °C; ( P o u n d :  c , 3 9 . 7 ;  3 , 3 - 3 ;  S , 1 2 . 9 ;  T i , 9 . 2 ;  Mo , 2 0 . 4 . 
C.-H. -MoO S Ti r e c u i r e s :  C , 4 0 . 0 ;  11, 3.45  T i , 9 . 9 ?
16 16 4 2 "
Mo , 1 9 .  9 $ ) .
The a n a l o g o u s  chromium and t u n g s t e n  c o m p l e x e s  we r e  
s i m i l a r l y  p r e p a r e d ,  b u t  t he  r e a c t i o n  p r o c e e d e d  much more  
s l o w l y .  S t i r r i n g  was c o n t i n u e d  f o r  3 6  and 27 h o u r s  f o r  t h e  
Cr and V/ c o m p l e x e s ,  r e s p e c t i v e l y .  The c o m p l e x e s  w e r e  a g a i n  
r e c r y s t a l l i s e d  f rom m e t h y l e n e  c h i o r i d e / m e t h y l c y c l o h e x a n e  
m i x t u r e s ,  b u t  t he  Cr c o m p l e x  was t o o  u n s t a b l e  i n  s o l u t i o n  
to  c a r r y  o u t  a s l o w  r e c r y s t a l l i s a t i o n  f rom b e n z e n e .
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( Y i e l d s : -  Cr =  30$> W-=7 2$ ( b a s e d  on norb o r n a d i e n e -  IP ( C 0)   ^)
Co Ti  z.2.2 —— S:-e g C r ( C 0 ) , dark g r e e n  c r y s t a l s ;  d o es  n o t  decompos e  
below 3 0 0 * 0 ;  ( F o u n d :  C , 4 3 . 9 ; H , 3 . 8 ;  S , 1 4 . 3 ;  T i , 1 1 . 3 ;  C r , 1 2 . 0
Cl 6 Hl 6 Cr 0 4 S 2 Ti r e  (l'u i r e s  : C , 4 3 .9 ; H , 3 .7 ; S , 14 .7 ; Ti  , 11 . 0 ;
Cr , 1 2  * 1 $ ) .
owC Pg Ti  j^ S Me Jg  .7 ( C 0)  ^  , b l u e  c r y s t a l s ;  d o e s  n o t  d ec o mp os e  b e l  
300°C;  ( F o u n d :  C , 3 4 * 0 ;  H , 2 . 9 ;  S , 1 1 . 6 ;  T i , 7 - 9 .  c i 6 H1 6 ° 4 S 2 TiW 
r e q u i r e s :  C , 3 3 . 8 ; H , 2 . 8 ;  S , 1 1 . 2 ;  T i , 8 . 4 $ ) .
S i m i l a r  p r e p a r a t i o n s  y i e l d e d  C PgTi  j~SPh^2^ 0 ( ( 20$
a f t e r  30 h o u r s )  and CPgTi £s  PhJ g1- ( c 0) 4 ( 25$  a f t e r  9 0 h o u r s )  
but  none  o f  t he  c o r r e s p o n d i n g  chromium c o m p l e x  was o b t a i n e d  
a f t e r  7 d ays  u n d e r  t h e  same c o n d i t i o n s .  On h e a t i n g  t h e  l a s t  
m e n t i o n e d  r e a c t i o n  m i x t u r e ,  o n l y  b l a c k  d e c o m p o s i t i o n  
p r o d u c t s  w e r e  o b s e r v e d .
j s P h J g Mo(C0 ) ^ , b l u e  c r y s t a l s ;  do e s  n o t  d ec o mp o s e  b e l o w  
3 0 0 WC; ( F o u n d :  C , 5 1 . 0 ;  3 , 5 - 3 ;  S , 1 0 . 0 ;  T i , 7 * 5 ;  Mo,1 6 . 0 .  
*C223 2 0 Mo0 4 S2 Ti recl u:LreS: c > 51 - 4 ; H>3*6;  S , 1 0 - 3 ;  T i , 7 * 9 ;
Mo, 1 5 . 8$ ) .
£l>2. Ti  jsFh Jg7.r ( C 0)   ^ , b l u e  c r y s t a l s ;  d o e s  n o t  d ec o m p o s e  b e l o w  
300 ° C; ( Fo u n d :  C , 4 5 . 0 ;  H , 3 * 0 ;  S , 9 - 4  5 T i , 6 . 9 «
C22H2 0 04 S 2 Ti7/ r e Gu i r e s :  c » 4 5 . 2 ;  H , 2 . 9 j S , 9  - 55 T i , 6 . 2 % ) .
The c o m p l e x e s  p r e p a r e d  w er e  s t a b l e  l o n g  e n o u g h  i n  
s o l u t i o n  t o  o b t a i n  t h e i r  s o l u t i o n  i n f r a - r e d  and v i s i b l e / u . v .
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s p e c t r a  i n  c h l o r i n a t e d  a l k y l  s o l v e n t s  s u c h  as  c h l o r o f o r m  
and m e t h y l e n e  c h l o r i d e .  The l o n g e r  t ime  r e q u i r e d  t o  r u n  
v a r i a b l e  t e m p e r a t u r e  1 H n . m . r .  s p e c t r a  n e c e s s i t a t e d  t he  
u s e  o f  c h i  o r o b e n z e n e  as  s o l v e n t ,  i n  w h i c h  t h e  c o m p l e x e s  w e r e  
f o u n d  t o  be s t a b l e  f o r  much l o n g e r  p e r i o d s .
E b u l l i o s c o p i c  m o l e c u l a r  w e i g h t  d e t e r m i n a t i o n s  o f  t h e  
c o m p l e x e s ,  i n  a c e t o n e ,  i n d i c a t e d  t h a t  t he  c o m p l e x e s  we r e  
monomeric  i n  s o l u t i o n ,  a l t h o u g h  r e p r o d u c i b l e  r e s u l t s  ( t o  
w i t h i n  10$ )  w e r e  n o t  o b t a i n e d  b e c a u s e  o f  i n i t i a l  
i n s o l u b i l i t y  and s u b s e q u e n t  d e c o m p o s i t i o n  o f  t h e  c o m p l e x e s .
b ) R e a c t i o n s  o f  Cpg Ti (SR)g  wi  th  (1  , 5 c y c l  o-  oc t a d i e n e - C u X  ) g_i
Th e s e  r e a c t i o n s  w er e  c a r r i e d  o u t  a t  room t e m p e r a t u r e ,  
i n  t o l u e n e .  The r e a c t i o n s  w er e  a g a i n  f o u n d  t o  be much 
f a s t e r  f o r  R -  Me t h a n  f o r  R ~ P h ,  b u t  s eemed  i n d e p e n d e n t  o f  
w h e t h e r  X *  Cl or X - B r .  Q u a n t i t a t i v e  y i e l d s  o f  t he  
p r o d u c t s  w e r e  o b t a i n e d .
P r e p a r a t i o n  o f  ( c p g Ti jsMeJgCuCl ) n »
0 . 9 g ms .  ( 3 . 2m. m o l e s )  o f  Cp2 T i ( S M e ) 2 we r e  d i s s o l v e d  i n  
5 0 m l s .  t o l u e n e .  7/hen d i s s o l u t i o n  was c o m p l e t e ,  0 . 7 g m s .  
( l . 5 m . m o l e s )  o f  (1  . 5 c.ycl  o -  oc t a d i e n e CuCl ) ? ( S e c t i o n  6 a )  
we r e  a d d e d .  S t i r r i n g  a t  room t e m p e r a t u r e  was c o n t i n u e d  
f o r  4 h o u r s .  The b l a c k  s o l i d  w h i c h  s e p a r a t e d  o u t  was
f i l t e r e d  o f f ,  washe d  w i t h  t o l u e n e  and p e n t a n e ,  and d r i e d  
i n  v a c u o  a t  room t e m p e r a t u r e .
The p r o d u c t  was f o u n d  t o  be i n s o l u b l e  i n  a l l  s o l v e n t s  
t r i e d ,  h e n c e ,  i t  c o u l d  n o t  be c r y s t a l l i s e d ,  and i t s  
m o l e c u l a r  w e i g h t  c o u l d  n o t  be d e t e r m i n e d .
( C Pg Ti j S^I.leJ g C uC 1)  n , b l a c k  powder;  M. Pt .  1 7 0 °C ( P e c o m p . ) ;  
( F o u n d :  C , 3 9 . 5 ;  H , 4 . 6 ;  C l , 9 . 5 ;  S , 1 7 . 0 ;  T i , 1 1 . 9 ;  C u , 1 7 - 7 -  
( c l 2Hl 6 c l CuS2 T i ) n r e q u i r e s :  C , 3 8 . 9 ;  H , 4 - 4 ;  C l , 9 . 6 ; S , 1 7 - 3 5  
Ti , 1 2 .9 ; Cu , 17 . 1$ ) .
The f o l l o w i n g  c o m p l e x e s  w e r e  p r e p a r e d  i n  a s i m i l a r  
manner .  (TJhere R = P h ,  t he  r e a c t i o n  t i me  was 18 h o u r s )  : -
(C Pg T i  j^MeJgCuPr ) n , b l a c k  powder;  d e c o m p o s e s  s l o w l y  a b o v e  
186^0 ; ( F o u n d :  0 , 3 3 - 7 ;  H , 3 . 85  B r , 2 0 . 4 ;  C u , 1 4 . 8 ;  S , 1 5 » 3 ;
T i , 1 1 . 3 . ( C1 2 Hl 6 BrCuS2 T i ) n r e q u i r e s :  0 , 3 4 - 7 ;  H , 3 . 9 ;
B r , 1 9 . 2  ; C u , l 5 . 3 ;  S , 1 5 - 4 ;  T i , 1 1 . 4 $ ) .
(C P2 Ti j^SPh J q CulC 1 ) n> brown powder;  d e co m p o s es  s l o w l y  a b o v e  
1 35 ; ( F o u n d :  0 , 5 2 . 4 ;  H , 3 . 9 5 C u , 1 2 . 0 ;  S , 1 3 . 7 ;  Ti  , 1 0 .  3 ;
0 1 , 7 . 4 .  ( C 22H2 0C1 0 u S 2 T i ) n r e q u i r e s : 0 , 5 3 . 4 ;  H , 4 - 0 ;  C u , 1 2 - 9  
S , 1 3 • 0 ;  Ti  , 9  *7 ; 0 1 , 7 . 2 $ ) .
(Cpg T i  j^SPhjgC uB r ) n , brown powder;  d e c o m p o s e s  s l o w l y  a b o v e  
1 7 4 ^ 8 ;  ( F o u n d :  0 , 4 7 * 5 ;  3 , 3 « 6 ;  C u , 1 1 . 7 ;  B r , 1 5 « 3 ;  S , 1 1 . 6  
T i , 9 . 0 .  ( C 2 2 H2 0BrCuS2 T i ) n r e q u i r e s : 0 , 4 8 . 9 ;  H , 3 .7 5 C u , 1 1 . 8
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B r , 1 4 * 8 ;  S , 1 1 . 9 ;  Ti , 8 .9 / ' o )*
The d i r e c t  r e a c t i o n  o f  Cp2 Ti ( SR)  w i t h  CuX2 and P ( o P h )
3
i n  m e t h a n o l ,  g a v e ,  i n s t e a d  o f  t he  d e s i r e d  p r o d u c t s ,  an  
a l m o s t  q u a n t i t a t i v e  y i e l d  o f  CpgTiXg w h i c h  p r e c i p i t a t e d  
from t h e  r e a c t i o n  m i x t u r e ,  and was f i l t e r e d  o f f .
A l l  o f  t h e  c o m p l e x e s  ( C PgTi £srJ 2CuX ) n Were f o u n d  t o  
r e a c t  r a p i d l y  w i t h  P(n-C^H^)^ i n  b e n z e n e  t o  l i b e r a t e  
C p,>Ti( SR) £ ,  w h i c h  was c h a r a c t e r i s e d  by i t s  ^H n.m .r .  s p e c t r u m ,  
a f t e r  e x t r a c t i o n  o f  t h e  c o m p l e x  from t he  r e a c t i o n  m i x t u r e ,  
w ith  b e n z e n e ,  a s  w e l l  as  a t a r r y  r e s i d u e  w h i c h  was  n o t  
eharac  t e r i s e d .
c ) M i s c e l l a n e o u s  R e a c t i o n s  o f  Cp^T i f S R ) ^.
i  ) R e a c t i o n  o f  C p ^ Ti ( SHe ) o w i t h  (PhCN) ^ PdCl ^
0 . 8 g m s .  ( 2 . 9 m . m o l e s )  o f  Cp T i ( S M e ) 2 we r e  s t i r r e d  i n  
4 0 m l s .  t o l u e n e  w i t h  l . Og m.  ( 2 . 6 m . m o l e s )  ( PhCR) 2 PdCl 2 .
A f t e r  1 h o u r ,  a p r e c i p i t a t e  was o b s e r v e d ,  b u t  s t i r r i n g  a t  
room t e m p e r a t u r e  was c o n t i n u e d  f o r  a f u r t h e r  2 h o u r s .
The s o l i d  was  f i l t e r e d  o f f ,  d r i e d ,  and e x t r a c t e d  w i t h  
m e t h y l e n e  c h l o r i d e .  On r e m o v a l  o f  t he  m e t h y l e n e  c h l o r i d e ,  
Cp2 T i C l 2 was o b t a i n e d .  The p a r t  i n s o l u b l e  i n  m e t h y l e n e  
c h l o r i d e  was f o u n d  t o  be i n s o l u b l e  i n  a l l  s o l v e n t s  t r i e d ,  
a n d , a l t h o u g h  c o n s i s t e n t  ( t o  w i t n i n  5 r5) a n a l y t i c a l  f i g u r e s
1 2 8
f o r  c a r b o n  and s u l p h u r ,  were  n o t  o b t a i n e d  f rom s e v e r a l  
d i f f e r e n t  r e a c t i o n s ,  the  c o m p l e x  i s  t h o u g h t  t o  be | jPd(SMe) 2
Cp2 T i ( S M e ) 2 d i d  n o t  r e a c t  w i t h  (PhCIT) P t C l 2 or  
, X 149( P P h ^ ) 2N i C l 2 u nde r  s i m i l a r  c o n d i t i o n s .
n
i i )  R e a c t i o n  o f  Cp0 T i ( S M e ) o  w i t h  Mn(C0)„Br .
b
0 . 8 g m s .  ( 3 . 2 m . m o l e s )  o f  Mn(CO)^Br and Igm.  ( 3 . 7 m . m o l e s )
o f  Cp2 T i ( S M e ) 2 w er e  s t i r r e d  i n  r e f l u x i n g  e t h a n o l  f o r
2•§■ h o u r s .  ( T h e r e  was no r e a c t i o n  i n  e i t h e r  t o l u e n e  or c o l d
e t h a n o l ) .  The s o l u t i o n  became much l i g h t e r  and a p a l e  y e l l o w
s o l i d  s e p a r a t e d .  The m i x t u r e  was f i l t e r e d  h o t .  The r e s i d u e
had  an  i n f r a - r e d  s p e c t r u m  ( 4 0 0 0 - 6 0 0 c m .  ^ ) a l m o s t  i d e n t i c a l
w i t h  t h a t  o f  t h e  c o m p l e x ( s )  o b t a i n e d  when C p ^ T i ( C l ) SMe^^
i s  r e f l u x e d  i n  e t h a n o l .  The s o l v e n t  was remove d  f rom t h e
f i l t r a t e ,  a nd  t h e  i n f r a - r e d  s p e c t r u m  o f  t h e  s o l i d  t hu s
l ° 6 b
o b t a i n e d  was  t h e  same as  t h a t  o f  ( Mn(C0 ) ^SMe)^ . An
a n a l y t i c a l l y  pure s a mp l e  o f  t h i s  c o m p l e x  was  n o t  o b t a i n e d :  
a l l  s a m p l e s ,  e v e n  a f t e r  r e c r y s t a l l i s a t i o n  f rom e t h a n o l ,  
c o n t a i n e d  s m a l l  p e r c e n t a g e s  o f  t i t a n i u m .
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i  i  i  ) R e a c t i o n  o f  Cp^ T i f SP h )  „ w i t h  Ru(CO) ^C1 q T . H. F .
0 . 8  gms .  ( 2 . 4 m . m o l e s )  o f  Ru(C0 ) ^C12 T . H . P .  and 1 . 2 g m s .
( 3 . 5 m . m o l e s )  o f  Cp2 T i ( S ? h ) 2 we r e  s t i r r e d  i n  5 0 m l s .  t o l u e n e  
f o r  24 h o u r s  a t  room t e m p e r a t u r e .  A r e d  p r e c i p i t a t e  was
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o b s e r v e d  and t h e  m i x t u r e  was f i l t e r e d .  The p r e c i p i t a t e  
was f o u n d  t o  be CpgT i Cl ^ .  The vo l ume  o f  t h e  f i l t r a t e  was  
r e d u c e d  and more c P2 TiC12 Pr e c i p i t a t e d  o u t .  On c o m p l e t e  
r e m o v a l  o f  t h e  s o l v e n t ,  a r e d  o i l  was  o b t a i n e d .  Thi s  o i l  
c o n t a i n e d  c a r b o n y l  g r o u p s ,  b u t  t he  c o m p l e x e s  c o u l d  n o t  be  
s e p a r a t e d .  The i n f r a - r e d  s p e c t r u m  o f  t h e  o i l  d i d ,  h o w e v e r ,  
i n d i c a t e  t h e  p r e s e n c e  o f  f  OC) -RuSPhJ ^  ^ . (From a s i m i l a r  
r e a c t i o n  b e t w e e n  F e ^ C O ) ^  and C p ^ T ^ S P h ^  j t h e  c o m p l e x  
| (0C ) . Fe SPh 1 S 2 \2 h a s  b e e n  o b t a i n e d  J.
R e a c t i o n s  o f  Cp T i ( SR )  w i t h  2-me t h o x y e  t h a n o l  /C O/RuC 1 x .C. C. ;
3H2 O s o l u t i o n s  ^^ ( a t  room t e m p e r a t u r e  and a t  r e f l u x  t e m p . )  
a l s o  g a v e  Cp2 T i C l 2 and i n t r a c t a b l e  r e d  t a r s  w i t h  i n f r a - r e d  
s p e c t r a  s i m i l a r  t o  t h a t  n o t e d  a b o v e . -
i v )  R e a c t i o n  o f  C p ? T i ( S P h ) ?  w i t h  C HA0 , F e ( C 0 )  .
- 11 ^  ^  4 —
1 *")
(C^I^O ^Fe(CO)^= m a l e i c  anhydr  i d e - F e (  CO)  ^ ) .
1 . 2 gms.  ( 4 . 5 m. m o l e s )  o f  2^ 3^ e  ^  ^^ ^4 anc^
( 2m . m o l e s )  o f  Cp2 T i ( S P n )2 w er e  s t i r r e d  a t  room t e m p e r a t u r e
i n  t o l u e n e  and no r e a c t i o n  was o b s e r v e d .  The m i x t u r e  was
t h e n  h e a t e d  t o  r e f l u x  t e m p e r a t u r e  f o r  3 h o u r s ,  c o o l e d ,
f i l t e r e d ,  and t h e  t o l u e n e  was remove d  f rom t h e  f i l t r a t e
l e a v i n g  F e C p ( C 0 ) 2 2 » was c h a r a c t e r i s e d  by i t s  i n f r a - r e d
. 154s p e c t r u m  and m e l t i n g  p o i n t
1 3 0
S e c t i o n  8 .
R e a c t i o n s  o f  ( L - L ) m( s R)  ^ W i  th 
T r a n s i t i o n  m e t a l  C o m d e x e s .
A l l  t h e  r e a c t i o n s  o f  ( L- L) M( SR ) g  ( L- L = l , 2  b i s -  
d i p h e n y l p h o s p h i n o  e t h a n e ,  0 - p h e n y l e n e  h i s - d i e t h y l a r s i n e ;
M = P d , P t ;  R — Me,Ph)  w e r e  c a r r i e d  o u t  a t  room t e m p e r a t u r e  
i n  t o l u e n e .  R e a c t i o n  t i m e s  w e r e  a d j u s t e d  t o  g i v e  
q u a n t i t a t i v e  y i e l d s  o f  t he  d e s i r e d  p r o d u c t s ,  s i n c e  t h e i r  
i n s o l u b i l i t y  l e d  t o  prob l ems  o f  s e p a r a t i o n  f rom t h e  r a t h e r  
i n s o l u b l e  ( L - l O j ^ S R ) ^ .
a ) R e a c t i o n s  o f  ( L - L ) I.?( SR) w i t h  n o r b o r n a d i e n e - M 1 ( C 0 ) ^ . 
P r e p a r a t i o n  o f  PhpPCHg C H , p —— (j^^e”] 2"-°( 0 0 ) ^ *
0 . 6 8 g m s .  ( i m . m o l e )  o f  ?h2 PCH2CH2 -^ :^i2 -P‘k( SMe) ^  and  
0 . 30gms.  ( i m . m o l e )  o f  n o r b o r n a d i e n e - M o ( C 0 )^ w er e  s t i r r e d  
a t  room t e m p e r s . t u r e  i n  5 0ml s .  t o l u e n e  f o r  5 0 h o u r s .
The r e a c t i o n  m i x t u r e  was  f i l t e r e d ,  w a sh ed  w i t h  t o l u e n e  
and p e n t a n e ,  and c a r e f u l l y  d r i e d  a t  room t e m p e r a t u r e ,  i n  
v a c u o .
The p r o d u c t  was f o u n d  t o  be i n s o l u b l e  i n  a l l  b u t  t h e  
m o s t  p o l a r  s o l v e n t s ,  and i n  t h e s e ,  d e c o m p o s i t i o n  was r a p i d  
The p r o d u c t  was t h e r e f o r e  c h a r a c t e r i s e d  w i t h o u t  f u r t h e r  
p u r i f i c a t i o n .  Thi s  p r e p a r a t i o n ,  and t h o s e  o f  t h e  r e l a t e d  
c o m p l e x e s ,  l i s t e d  b e l o w ,  we r e  r e p e a t e d  u n t i l  c o n s i s t e n t  
a n a l y t i c a l  f i g u r e s  w er e  o b t a i n e d .
Ph 2 PCH2C52 PPho P t  j^lie^jplvlof ^ 0 ) 4 * y e l l  07/ powder* d e c o m p o s e s  
w i t h o u t  m e l t i n g  a t  1 6 0  C; ( P o u n d : C , 4 5  * 5 ;  H , 3 * 6 ;  S , 6 . 3 ;
- p , 7  . 4  . C ^2^ ^oiT'*0 ^4 P2 ‘P^S 2 r e <lu:i-r e S :  c »4 2 . 9 ; H , 3 » 4 *  S , 7 - 2 : 
P,6 .9  fo).
The f o l l o w i n g  c o m p l e x e s  w e r e  p r e p a r e d  i n  a s i m i l a r  
man ne r ;  r e a c t i o n  t i m e s  a r e  g i v e n  i n  p a r e n t h e s e s : -
Ph PCE2 CE2 PPh2 Pd jsMeJ2C r ( C 0 ) 4 , ( 1 2 0  h o u r s ) ;  y e l l o w  powder ;  
d e c o m p o s e s  w i t h o u t  m e l t i n g  a t  1 9 0  C; ( P o u n d :  0 , 5 0 . 2 ;  H , 4 « l  
S , 7 . 3 :  P , 9 • 2 .  C32H5o C r 04 P2 PdS2 r e ^u i r e S j  C , 5 0 . 5 ;  H , 4 * 0 ;
S , 8 . 4  ; P , 9 . 2 ^ ) .
Ph2 PCH2CH2 ?Ph2 Pd [sMe]]2 r. lo(C0)  ^ , ( 30 h o u r s ) ;  brown powder ;  
M . P t .  1 9 0 - 3 CC ( D e c o m p . ) ;  ( Po un d:  G , 47 - 5 5 H , 4 - l -  
C P0 PdS0 r e q u i r e s :  0 , 4 7 . 6 ;  H , 3 . 8 $ ) .32 3U l\ d. eL
Ph2 PCH2 CH2 PPh 2 Pd [sMe J o '7 ( C 0)  ^  , ( 5 0  h o u r s ) ;  brown powder ;
M . P t .  1 6 1 - 4 0 C; ( Po u nd:  0 , 4 2 . 7 :  H , 3 . 8 :  S , 7 * 0 ;  P , 6 - 4 .
C _ H _ 0  P PdS 7/ r e q u i r e s :  0 , 4 2 . 9 ,  H , 3 . 4 ;  S , 7 . 2 ;  P , 6 . 9 $ ) .
32 30 4 2 2
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Pho P C ^ CHgPPhoPt 5 > ( 1 5> 0 h o u r s ) ;  y e l l o w  powder ;
d e c o m p o s e s  w i t h o u t  m e l t i n g  a b o ve  1 2 0 c C; ( Po und:  0 , 4 5 . 9 ?
H, 3 •9 ; S ,7 * 4 5 ?>7*9* C32H30CrO^P2 P t S 2 r e q u i r e s :  0 , 4 5 . 1 ;  
H , 3 . 5 :  S , 7 o :  P > 7 • 3^)  •
PhoPCH^GH^PPh^Pt j^SMeJ2\?( G 0)  ^ , ( 6 0  h o u r s ) ;  y e l l o w  powder ;  
M. Pt .  1 7 0 - 4 ° C  ( D e c o m p . ) ;  ( Pound:  C , 3 9 . 2;  H , 2 . 9 ;  S , 6 . 1 .  
C32H3o 0 4 P2 P t S 2^ r e q u i r e s :  0 , 3 9 . 2 ;  H , 3 . 1 :  S , 6 . 5$ ) .
CgH^( A s E t 2 ) 2 p d j^SMeJ2*-°( ^ 0 ) 4 > ( 2  h o u r s ) ;  brown powder ;
0 O
c o l o u r  c h a n g e  a b o v e l p O  C, d o es  n o t  m e l t  b e l o w  230 0 ;  
( P o u n d :  C , 3 l . 4 ;  H , 3 * 9 .  C2 QH3QAs2MoO^PdS2 r e q u i r e s :  0 , 3 2 . 2 ;
H , 4 • O^ o) •
C6H4 ( A SE t 2l 2 Pd [ s a ]  2Mo( C 0 ) /| , ( 4  h o u r s ) ;  brown powder*
M . P t .  1 1 7 - 1 2 0 ° C ( D e c o m p . )  (Pound:  0 , 4 1 . 0 ;  H , 3 . 9 *
C nH _ . A s Mo 0 . PdS r e q u i r e s :  0 , 4 2 . 0 *  H , 3 . 9 ^
30 34 2 4 2
The much f a s t e r  r a t e  o f  r e a c t i o n  i n  r e a c t i o n s  i n v o l v i n g  
t h e  c h e l a t i n g  d i a r s i n e  c o m p l e x e s  i s  p r o b a b l y  due t o  t h e i r  
g r e a t e r  s o l u b i l i t y  i n  t o l u e n e .
The c o m p l e x e s  Ph2 PCH2CH2 PPh2 Pdj^SPhJ 2Mo( C 0 ) 4  and
Ph2 PCH2CH2 PPh2 Pt  |^SPhj2^ o ( 0 0 ) 4  w e r e  n o t  o b t a i n e d  a n a l y t i c a l l y
p u r e ,  b u t  w e r e  c h a r a c t e r i s e d  by t h e  s i m i l a r i t y  o f  t h e i r
*
i n f r a - r e d  s p e c t r a  w i t h  o t h e r  members o f  t h e  s e r i e s .
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The c o m p l e x e s  PhgPCHgC’^ P P l ^ - ’! j sPhJoK'  ( C 0) ^ ( M = ? d , P t »  
M'=rCr,V/)  and CgH4 ( A s E t 2 ) 2 ?dj j3H^L!1 ( C0) ( H = M e , P n ; l l ' = C r , ’.7 ) 
w er e  n o t  o b t a i n e d  b e c a u s e  o f  e x t r e m e l y  l o n g  r e a c t i o n  t i m e s
a n d / o r  i n s t a b i l i t y  o f  the  d e s i r e d  p r o d u c t s .
R e a c t i o n s  o f  Ph qPCII 2CH 2 PPh 2I.l( SR) q w i t h  (?hCN) MCI 
( M= P d , P t ;  R =  Me , Ph ) .
P r e p a r a t i o n  o f  Phg PCHoCHgPPho Pt  j s J . I e^P d C l 2 .
0 . 1 7 5 g ms .  ( 0 . 0 4 ^ * mbl es  ) o f  ( P h C N ^ P d C l g  w e r e  a dde d  t o  
a s u s p e n s i o n  o f  0 . 3l 6 gms.  ( 0 . 0 4m . m o l e s )  o f
PhgPCHgCHgPPhgPtC SMe) 2 dn t o l u e n e .  The m i x t u r e  was  s t i r r e d
u n t i l  t h e  s u p e r n a t e n t  l i q u i d  became c o l o u r l e s s  ( 4 8  h o u r s ) .
The s o l i d  was  f i l t e r e d  o f f ,  w a sh ed  w i t h  t o l u e n e  and p e n t a n e ,  
and d r i e d  i n  v a c u o . The q u a n t i t a t i v e  y i e l d  o f  p r o d u c t  
o b t a i n e d  c o u l d  n o t  be c r y s t a l l i s e d  b e c a u s e  o f  i t s  
i n s o l u b i l i t y .
Ph2 PCH2 CE2 P?h2 ? t  | sMeJ2 PdCl2 , o r a n g e / b r o w n  powder ;
M. Pt .  2 2 6 - 2  3 O* C ; ( Po und:  0 , 3 9 . 8 ;  H , 3 . 5 ;  S , 6 . 8 ; P , 6 . 7 ;
0 1 , 7 . 8 .  C28H30C:L2 ?2 P dPt S2 r e au i r e S :  c » 3 3* 9 ;  H , 3 . 5 ;  S , 7 . 4 ?  
P , 7 . 2 ;  0 1 , 8 . 8/0) .
A s i m i l a r  r e a c t i o n  g a v e  : -
Ph 2 PC II2 C H 2 PPh 2 ?d |^S!.!eJ2 PdCl 2 , brown powder ;  M . P t .  1 9 4 - 9 * 0 ;
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( F o u n d :  0 , 4 4 . 3 .* 1 1 , 4 . 3 ;  P , 7 * 9*  C 2QH ^QC12 P2 Pd2 S2 S q u i r e s :  
0 , 4 3 . 3 ;  H , 3 .9 ; P,8.CXb).
No r e a c t i o n  was o b s e r v e d  b e t w e e n  Ph2pCH2CH2^“ll2'''( SPh) 2 
( M = P d , P t )  and ( PhCIl) g P d C ^ , or b e t w e e n  
Ph 2 PC II2C H 2 PPh 2m( S Me ) 2 (M =  P d , P t )  and ( PhCN) 2 P tC 1 2 . The 
r e a c t i o n  b e t w e e n  Ph^PCB^CI^PPI^Pd^ SMe ) 2  and  
1 , 5 h e x a d i e n e - P t C l o » g a v e  c o m p l e x e s  w h i c h  c o u l d  n o t  be 
c h a r a c t e r i s e d .
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Sec t i o n  9 »
R e a c t i o ns o f  Me t a l  D i e h l  or i d e Comp l e x e s  as  L i g a n d s .
The m e t a l  d i c h l o r i d e  c o m p l e x e s  w h i c h  v/ere  u s e d  as  
p o t e n t i a l  l i g a n d s  we r e  Ph^PCE^EgPPh^MCl 2 ( ^ ^  ^  *
P r e p a r a t i o n  o f  Php PCHqCE2 PPhpPh [p 1 J 2 ^ ^ 1 2—
A s u s p e n s i o n  o f  O.^gnis .  o f  PhgPCH CE PPh PdCl and  
e x c e s s  ( 0 . 5 g m s . )  o f  ( P h C H ^ P d C ^  w e r e  s t i r r e d  i n  4 Omls.  
t o l u e n e  a t  room t e m p e r a t u r e  f o r  7 2 h o u r s .  The s o l i d  7/as 
f i l t e r e d  o f f ,  w a s h e d  w i t h  t o l u e n e  and p e n t a n e ,  and d r i e d  i n  
v a c u o .
PCHoCEpPPhoPd j c i J o PdC12 > l i g h t  brown powder ;  M . P t .  2 0 1 - 6  *0 
( D e c o m p . ) ;  ( Poun d:  C , 4 1 . 7 ;  H , 5 . 2 ;  C l , 1 8 . 3 . C 26H2 4 C 1 4"P2'Pd2 
r e q u i r e s :  C , 4 1 » 5 ?  P > 5 »2 ;  C l , 1 9 . 0^ ) .
The r e a c t i o n s  o f  PhgPCHgCEgPPhgMCl 2 ( M = r N i , P t )  w i t h  
( PhCN)2 PdC l 2 g a v e  PdClg and Ph^CHgCHgPPhgMClg.  ( P d C l 2 was  
l e f t  a s  a r e s i d u e  a f t e r  a l l  t h e  PhgPCHgCHgPPhgMCl 2 h a d  b e e n  
e x t r a c t e d  f r om t h e  r e a c t i o n  m i x t u r e  w i t h  d i m e t h y l f o r m a m i d e ) .
The r e a c t i o n s  o f  -PhgPCHgCHgPPhgMClg ( M =  ITi , P d , P t ) w i t h  
( PhCN) 2 P t C l 2 , unde r  s i m i l a r  c o n d i t i o n s ,  y i e l d e d  o n l y  
s t a r t i n g  m a t e r i a l s .
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S e c t i o n  1 0 .
A t t e m p t e d  P r e p a r a t i o n s  o f  Some 
T r a n s i t i o n  H e t a l - S i l i c o n  C o m p l e x e s .
T h es e  r e a c t i o n s  w e r e  c a r r i e d  o u t  i n  an  a t t e m p t  t o  
p r e p a r e  s i l i c o n  b r i d g e d  t r a n s i t i o n  m e t a l  c o m p l e x e s .
The s a l t s  N a Co ( CO) . ,  ITaCpFe(CO) , and KaMn(C0)_ w e r e
Cm J
p r e p a r e d  by r e d u c t i o n  o f  t he  c o r r e s p o n d i n g  d i n u c l e a r
m e t a l  c a r b o n y l  c o m p l e x  w i t h  a Na/Hg amal gam,  as  d e s c r i b e d  
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by  Ki ng  . S o l u t i o n s  o f  c h i  or o s i l a n e s  w e r e  made up  i n
a d ry b o x  t o  a v o i d  h y d r o l y s i s .
a )  R e a c t i o n  o f  iTaCo(CO)  ^ w i t h  Meo S i C l ^.
A s o l u t i o n  o f  0 . 5 8 g m s .  ( 3m . m o l e s )  o f  NaCo(CO)^ i n
2 0 m l s .  T . H . F .  was added  d r o p w i s e  t o  a s t i r r e d  s o l u t i o n  o f  
2 m . m o l e s  J . ^ S i C l g  i n  30m l s .  T . H . F .  a t  room t e m p e r a t u r e .
A f t e r  s t i r r i n g  f o r  a f ew m i n u t e s ,  t he  s o l u t i o n  became  
b l u e / g r e e n  and a g r e e n  s o l i d  was o b s e r v e d .  The s o l v e n t  
was r e mo v e d  u n de r  r e d u c e d  p r e s s u r e ,  and a g r e e n  t a r  r e m a i n e d .  
S u b l i m a t i o n ,  u nde r  r e d u c e d  p r e s s u r e  ( 0 • OOlmm.Hg) a t  room  
t e m p e r a t u r e ,  g a v e  a v e r y  s m a l l  amount  o f  a n  o r a n g e  s o l i d
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which was c h a r a c t e r i s e d ,  by i t s  i n f r a - r e d  s p e c t r u m ,  as  
, , V V 157
Hg(Co(COj . ) . C o n t i n u e d  s u b l i m a t i o n  d i d  n o t  y i e l d  any
T
f u r t h e r  p r o d u c t s ,  and t he  i n f r a - r e d  s p e c t r u m  o f  t he  t a r ,  
i n  t h e  c a r b o n y l  r e g i o n ,  showed o n l y  weak peaks  v /h i ch  c o u l d  
be a s s i g n e d  t o  E g ( C o ( C O ) ^ ) 2 . On a d d i t i o n  o f  w a t e r  t o  a 
s m a l l  amount  o f  the  g r e e n  t a r ,  a p i nk  a q u e o u s  l a y e r  was  
o b s e r v e d ,  i n d i c a t i v e  o f  t he  p r e s e n c e  o f  c o b a l t o u s  c h l o r i d e  
h e x a h y d r a t e ,  CoC12 . 6H2 0.
A s m a l l  amount  o f  T . H . F .  was added t o  t h e  g r e e n  t a r ,  
and g a v e  a b l u e  s o l u t i o n  ( a g a i n ,  i n d i c a t i v e  o f  t h e  p r e s e n c e  
of  C o C l 2 ) .  T h i s  b l u e  s o l u t i o n  was d e c a n t e d  o f f  and t he  
T . H. F .  was  r e m o v e d .  The s t i c k y  b l u e  s o l i d  o b t a i n e d  was  
pumped on ,  u n d e r  vacuum,  f o r  s e v e r a l  d a y s ,  b u t  a n a l y t i c a l l y  
p u r e C o C l 2 'was n o t  o b t a i n e d ,  a l t h o u g h  t he  l ow c a r b o n  and  
h i g h  c h l o r i n e  and c o b a l t  v a l u e s  s u g g e s t e d  t h a t  C o C l 2 was  
p r e s e n t .
The p r e s e n c e  o f  S i -CE^ g r o u p s  i n  t h e  r e s i d u a l  g r e e n  t a r
was i n d i c a t e d  by t h e  c h a r a c t e r i s t i c  bands  a t  lJOOcm.  1
X 1 53( a p p r o x i m a t e l y )  i n  i t s  i n f r a - r e d  s p e c t r u m  •
b ) R e a c t i o n  o f  PhHeSiE^ w i t h  CoJ c q L . ,
PhMeSiEg was p r e p a r e d  by t h e  r e a c t i o n  o f  LiAlH^ on 
PhMeSi Cl 2 159 . 1 . 39s ms .  ( 4 . 1 m . m o l e s )  o f  Co2 ( C 0 ) 8 and l g m .
( 8 . 2 m . m o l e s )  o f  PhMeSiHg were  s t i r r e d  t o g e t h e r  w i t h o u t
1 5 8
s o l v e n t ,  and r a p i d  e v o l u t i o n  o f  g a s  t o o k  p l a c e .  A f t e r  
15 m i n u t e s ,  g a s  e v o l u t i o n  had c e a s e d ,  and t he  i n f r a r e d  
c a r b o n y l  s p e c t r u m  o f  the  r e a c t i o n  m i x t u r e  d i f f e r e d  f rom  
t h a t  o f  Co2 ( C O) g .  A t t e m p t s  t o  p u r i f y  the  p r o d u c t s ,  by  
c h r o m a t o g r a p h y  and e x t r a c t i o n  w i t h  v a r i o u s  s o l v e n t s ,  w e r e  
u n s u c c e s s f u l .  Ehen  t he  m i x t u r e  was s u b l i m e d  i n  v a c u o  
(O. 0 0 1 mm.Hg) a t  room t e m p e r a t u r e ,  s m a l l  amou nts  o f  C o g C c O ^  
and l a r g e r  amounts  o f  c ( c 0 ) 1 2  w e r e  o b t a i n e d .  A l a r g e  
amount  o f  t a r r y  r e s i d u e  was l e f t  a f t e r  s u b l i m a t i o n ,  and  
a l t h o u g h  i t s  i n f r a - r e d  s p e c t r u m  showed s t r o n g  p e a k s  due  
t o  c a r b o n y l  g r o u p s ,  no f u r t h e r  p r o d u c t s  c o u l d  be e x t r a c t e d .
A s i m i l a r  r e a c t i o n  was c a r r i e d  o u t  by a l l o w i n g  HCo(CO)^
t o  d i s t i l l  o n t o  PhKeSiHg i n  a vacuum l i n e ,  b u t  a g a i n ,
C o ^ ( C 0 ) q and Go^(C0 ) j l2 were  ^he o n l y  p r o d u c t s  w h i c h  c o u l d
be e x t r a c t e d .  (HCo(CO)^ was p r e p a r e d  by t r e a t i n g  COgCCC^g
160 .
w i t h  p y r i d i n e  f o l l o w e d  oy H2 S0^ )
c ) P r e p a r a t i o n  o f  Cl Lie 2SiC o( C 0)  ^^
l g m .  o f  Co^CcoJq and e x c e s s  ( l m l . )  o f  Me2 SiHCl  w e r e  
mi xed  t o g e t h e r  w i t h o u t  s o l v e n t  a t  room t e m p e r a t u r e .  R a p i d  
e v o l u t i o n  o f  g a s  t o o k  p l a c e ,  and a l i g h t  brown s o l i d  
was o b s e r v e d .  A f t e r  t he  g a s  e v o l u t i o n  had  c e a s e d ,  t h e  
s o l i d  was  d i s s o l v e d  i n  p e n t a n e  and c o o l e d  t o  - 7  8° C .
A w h i t e  c r y s t a l l i n e  s o l i d  s e p a r a t e d  o u t ,  and was remove d  
by f i l t r a t i o n  o f  t he  c o l d  s o l u t i o n .  The p r o d u c t  was f u r t h e r
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pu-L i x i o d .  by o u b l i  me, t  i  o 11 i n  ys-cu o ( 0.  01 mm. H g ) a t  room 
t e m p e r a t u r e .
Ci; .Ie2 S i C o ( C 0 ) ^ , 15. Pt .  4 5 * 0 ,  shows JC3D a t  2 0 9 8 ,  2 0 4 0 ,
2 0 1 5 1 and. 2 0 0 2 cm.  i n  an i n t e n s i t y  r a t i o  w h i c h  i s  c o n s i s t e n t  
w i t h  a p p r o x i m a t e  C ^  symmetry  w h e r e  t he  E band i s  s p l i t
1  ^1s i n c e  o n l y  2 o f  t he  s u b s t i t u e n t s  a t  s i l i c o n  a r e  t he  same .
I t s  ^ H n . a . r .  s p e c t r u m  shows  a s i n g l e t  a t  9 . ( r e l a  t i  ve t o
i n t e r n a l  T. M.S.  a t  1 0 . 0 ^ )  w i t h  s m a l l  s i d e  bands  due t o  
29
S i - H  c o u p l i n g .  ( d pq «  3 . 2H z ) .
S i - H
When ClI.Ie2 SiC o( C 0) j^ was added t o  d r y ,  f r e s h l y  d.is t i l l e d  
T.H.F^. or d i e t h y l  e t h e r ,  i t  de c o mpo s e d  t o  C o C l 2 ( S e c t i o n  1 0 a ) ,  
v e r y  r a p i d l y .  S i n c e  T . H. F .  and d i e t h y l  e t h e r  a r e  v i r t u a l l y  
t h e  o n l y  s o l v e n t s  t h a t  c a n  be u s e d  f o r  t h e  p r e p a r a t i o n  o f  
t h e  s o d i u m  s a l t s  o f  the  m e t a l  c a r b o n y l s ,  t h e  d e c o m p o s i t i o n  
o f  ClMe2 S i C o ( C 0 ) ^  i n  t h e s e  s o l v e n t s  p r e s e n t e d  e x p e r i m e n t a l  
d i f f i c u l t i e s ,  o.s i t  was i n t e n d e d  t o  r e a c t  ClI.Ie2 SiC o( C0 )^ 
w i t h  t h e  m e t a l  c a r b o n y l  a n i o n s ,  Co(C0)^  e t c . .
I n  t h e  f o l l o w i n g  r e a c t i o n s ,  ( d )  and ( e ) ,  IfaCo(CO) ,
NaMn(CO)^,  and HaCpFe ( C0) ? were  p r e p a r e d  i n  T . H . F .  w h i c h? e-
was t h e n  r e m o v e d ,  and t o l u e n e  was  added  t o  t he  d r y  s a l t s .
G r e a t  c a r e  h a s  t o  be t a k e n  t o  e x c l u d e  a i r  f ro m t h e  d r y  
s a l t s  a s  t h e y  a r e  e x t r e m e l y  p y r o p h o r i c .
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a ) R e a c t i o n  of  Cl Lie 2 S i C o ( C 0 ) ^ w i t h  ITaCo(CO)^.
0 . 9 g m s .  ( 5 . 4m. m o l e s )  o f  Cll.Ie 2SiC o( C 0 )  ^ were '  a dded  t o  
a s u s p e n s i o n  o f  l gm.  ( 5 . 4 a . m o l e s )  o f  NaCo(CO)^ i n  2 0 m l s .  
t o l u e n e .  A f t e r  s t i r r i n g  f o r  1 hour  a t  room t e m p e r a t u r e ,  no  
c h a n g e  was  o b s e r v e d  i n  t he  number or p o s i t i o n s  o f  t he  
c a r b o n y l  p e a k s  i n  t he  i n f r a - r e d  s p e c t r u m  o f  t h e  s o l u t i o n .
The t e m p e r a t u r e  was i n c r e a s e d  t o  60°C and a g r a d u a l  
d a r k e n i n g  o f  the  s o l u t i o n  f o l l o w e d .  A f t e r  2 h o u r s  a t  t h i s  
t e m p e r a t u r e ,  t he  s o l i d  o b t a i n e d ,  a f t e r  r e m o va l  o f  t h e  T . H . F , ,  
was t r a n s f e r r e d ,  i n  a d ry b o x  f l u s h e d  w i t h  n i t r o g e n ,  t o  a 
s u b l i m a t i o n  a p p a r a t u s .  The p r o d u c t s  o b t a i n e d  by f r a c t i o n a l  
s u b l i m a t i o n  we r e  i d e n t i f i e d  by t h e i r  i n f r a - r e d  s p e c t r a  as  
Co2 ( C 0 ) g ,  C 0^.(0 o);L2 > an<  ^ ClMegSiCc^ 0 0 ) 4 . An i n f r a - r e d  
s p e c t r u m  o f  a T . H . F .  s o l u t i o n  o f  t he  r e s i d u a l  m a t e r i a l  
i n d i c a t e d  t he  p r e s e n c e  o f  u n r e a c t e d  HaCo(CO)^.  H e a t i n g  
t h e  r e a c t i o n  m i x t u r e  f o r  l o n g e r  p e r i o d s  and a t  h i g h e r  
t e m p e r a t u r e s  y i e l d e d  o n l y  l a r g e r  amounts  o f  C o 2 ( C0 )q and  
004^(0 0 ) ^ 2  t o g e t h e r  w i t h  a s i l i c o n  c o n t a i n i n g  t a r .
A s i m i l a r  r e a c t i o n  b e t w e e n  ITaMn(CO)^ and ClMe2 Si Co(  C0 ) ^  
a t  room t e m p e r a t u r e  g a v e  o n l y  and u n r e a c t e d
s t a r t i n g  m a t e r i a l s .
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e ) R e a c t i o n  o f  NaCpFe(CO) 2 wi t h  Cl Me 2 SiC o ( C 0 ) ^
0 . 5 4 gni3 . ( 2m . m o l e s )  o f  CIMegSiCo(  C0 )  ^ we r e  a dde d  t o  a 
s u s p e n s i o n  o f  O o g m s .  ( 2 .  5 m . m o l e s )  o f  ITaCpFe(C0)  2 i n  l O m l s .  
t o l u e n e ,  and t he  m i x t u r e  was s t i r r e d  a t  room t e m p e r a t u r e .  
A f t e r  30 m i n u t e s  t he  c a r b o n y l  s t r e t c h i n g  r e g i o n  o f  t h e  
s o l u t i o n  i n f r a - r e d  s p e c t r u m  had c h a n g e d  n o t i c e a b l y .  The 
t o l u e n e  was  r e move d  a t  r e d u c e d  p r e s s u r e ,  and a s m a l l  amount  
o f  u n r e a c t e d  Cl I ^ S i C  o( C 0)  2 was r e c o v e r e d  by s u b l i m a t i o n .
The r e s i d u e  was e x t r a c t e d  w i t h  t o l u e n e  an d ,  on r e m o v a l  o f  
the  t o l u e n e ,  a t h i c k  y e l l o w  o i l  was o b t a i n e d .  The l a r g e  
number o f  peaks  o b s e r v e d  i n  t he  c a r b o n y l  s t r e t c h i n g  r e g i o n  
o f  t h e  i n f r a - r e d  s p e c t r u m  o f  t h i s  o i l ,  i n d i c a t e d  t h e  p r e s e n c e  
o f  a m i x t u r e  o f  p r o d u c t s .  S i -CH^ g r o u p s  w e r e  a l s o  p r e s e n t  
i n  t h i s  o i l  w h i c h  c o u l d  n o t  be s e p a r a t e d ,  by c h r o m a t o g r a p h y  
on a s i l i c a  c o l u m n ,  i n t o  i t s  pure  c o m p o n e n t s .
R e a c t i o n  o f  Ileg SiHCl w i t h  NaC oFe(  C O) 9 .
A s o l u t i o n  o f  l g m .  o f  HaCpFe(CO) 2 i n  3 0 m l s .  o f  T . H. F .  
was c o o l e d  t o  0°C and l gm.  o f  MegSiHCl ( e x c e s s )  was a d d e d .  
I m m e d i a t e  p r e c i p i t a t i o n  o f  a w h i t e  s o l i d  was  o b s e r v e d .
The r e a c t i o n  was a l l o w e d  t o  c o n t i n u e  f o r  30 m i n u t e s ,  t h e n  
t h e  T . H . F .  was  r e move d  u nde r  r e d u c e d  p r e s s u r e ,  l e a v i n g  a 
brown o i l  and a s m a l l  amount  o f  w h i t e  s o l i d  ( H a C l ) .
F r a c t i o n a l  d i s t i l l a t i o n  o f  the  brown o i l  u n d e r  vacuum,  
y i e l d e d  a y e l l o w  o i l  w h i c h  was c h a r a c  t e r  i s  ed,  by i t s  i n f r a - r e d  
s p e c t r u m  a s  HSi MegCpFe( C0) 2 • (The i n f r a - r e d  s p e c t r u m  i s  i n
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c o m p l e t e  a g r e e m e n t  w i t h  t h a t  r e c e n t l y  p u b l i s h e d  f o r  t h i s
o f  NaC pFe(  C 0 )  g > y i e l d e d  o n l y  and- an(^
t h e r e  i s  no e v i d e n c e  t h a t  any  C o / S i  or Mn/ S i  c o m p l e x e s  
w e r e  f o r m e d .
g )  R e a c t i o n  o f  CpFe(CO) q S i  Me pH w i t h  Co 2 ( 0 0 ) g_^
S i n c e  C pF e ( C0 ) 2 SiMegH was f o u n d  t o  be r a t h e r  t h e r m a l l y  
u n s t a b l e ,  i t  was p r e p a r e d  i n  s i t u . 0 . 6gms .  ( J m . m o l e s )  o f  
1-TaC pFe(  C 0)  ^ i n  5 0 ml s * T . H. F .  were  a d d e d  t o  0 . 2 9 g n i s .  ( 3m . m o l e s )  
o f  Lj ^Si HCl  i n  1 0 m l s .  T . H . F .  a t  0°C.  A f t e r  30 m i n u t e s  the'  
m i x t u r e  was f i l t e r e d  and the  T . H . F .  was r e m o v e d  f r om t he  
f i l t r a t e  a t  0°C.  5rol s .  o f  p e n t a n e  w e r e  a dd e d  t o  t h e  brown  
o i l  o b t a i n e d .  On a d d i t i o n  o f  0 . 5 l g m s .  ( l . p m . m o l e s )  o f  
Co2 ( C 0 ) a t o  t h i s  s o l u t i o n ,  g a s  was e v o l v e d .  A f t e r  3 h o u r s ,  
t h e  m i x t u r e  was  c o o l e d  t o  - 7 8  C and a r e d / b r o w n  s o l i d  
p r e c i p i t a t e d  o u t .  Thi s  s o l i d  was f i l t e r e d  o f f  and d r i e d .
I t  s howed  a v e r y  c o m p l e x  i n f r a - r e d  c a r b o n y l  s t r e t c h i n g  
f r e q u e n c y  p a t t e r n ,  s i m i l a r  t o  t h a t  o f  t he  y e l l o w  o i l  f rom  
t h e  r e a c t i o n  o f  H a C p F e ^ o ) ^  w i t h  Cl l l egSiC o( C 0)^ ( Sec t i o n  l O e ) .  
A g a i n ,  a t t e m p t s  t o  s e p a r a t e  t h i s  s o l i d  i n t o  i t s  c o m p o n e n t s , '
m p l e x ^ ^ )•
S i m i l a r  r e a c t i o n s  w i t h  HaCo(CO)^ and HaMn(co)^ i n s t e a d
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by c h r o m a t o g r a p h y  and s u b l i m a t i o n ,  were  u n s u c c e s s f u l .
The mass s p e c t r u m  ( p r o b e  t e m p er a  t u r e  =■ 22 *C) o f  a s a m p l e  
o f  t h i s  c r u d e  p r o d u c t  showed £c p?e(  C 0)   ^P2~ e > a n d
C p F e ( C O ) [ c o ] 2 C0 (CO) 5 a s  t he  o n l y  t r a n s i t i o n  m e t a l  
c o n t a i n i n g  s p e c i e s  p r e s e n t .  At  h i g h e r  p r o be  t e m p e r a t u r e  
( l 6 0 ° c )  t h e  mass  s p e c t r u m  s howed  o n l y  j^ C pPe(  C 0)  2 » C p2Pe ,
and C o ^ ( C 0 ) i 2
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S e c t i o n  1 1 .
A t t e m p t e d  P r e p a r a t i o n s  o f  C o b a l t - T i t a n i u m  C o m p l e x e s .
a ) R e a c t i o n  o f  Na,Co(CO)  ^ w i t h  C p^ T i C l 2_.
0 . 6 g m s .  ( 2 . 4 m . m o l e s ) o f  Cp2 T i C l 2 w er e  ad de d  t o  a 
s o l u t i o n  o f  l gm.  ( p c i . m o l e s )  o f  i'IaCo(CO)^ i n  pOmls .  T . H. F ,  .
No r e a c t i o n  t o o k  p l a c e  a t  room t e m p e r a t u r e ,  "but on h e a t i n g  
t h e  r e a c t i o n  m i x t u r e  to  5 0 °C,  t he  s o l u t i o n  became l i g h t e r  
i n  c o l o u r .  S t i r r i n g  a t  t h i s  t e m p e r a t u r e  was c o n t i n u e d  f o r  
3 h o u r s ,  t h e n  t h e  m i x t u r e  was f i l t e r e d .  The s o l u t i o n  s howed  
a c o m p l i c a t e d  i n f r a - r e d  c a r b o n y l  s t r e t c h i n g  f r e q u e n c y  
p a t t e r n .  On r e m o v a l  o f  t he  T . H. F .  , a s t i c k y  s o l i d  was  
o b t a i n e d ,  w h i c h  showed o n l y  2 c a r b o n y l  p e a k s .  T o l u e n e  
( 5ml s  . ) was added and t h e  m i x t u r e  was s h a k e n  and f i l t e r e d .  
The r e s i d u e  was a l i g h t  brown t i t a n i u m  c o n t a i n i n g  powder  
w h i c h  c o n t a i n e d  no c a r b o n y l  g r o u p s .  7/hen t he  t o l u e n e  wee 
r e m o v e d  f rom t he  f i l t r a t e ,  an o i l  was o b t a i n e d  w h i c h  was  
c h a r a c t e r i s e d ,  by i t s  i n f r a - r e d  s p e c t r u m ,  as  C pC o(C 0)  2 ‘1*I^ * ) .
T h i s  r e a c t i o n  was r e p e a t e d  i n  the  p r e s e n c e  o f  v a r y i n g
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amounts  o f  PPh^,  bu t  the  p r o d u c t s  i n  t h e s e  r e a c t i o n s  we r e  
Ph^PCo(C0 ) o ( C 0 ) ^PPh7 ( c h a r a c t e r i s e d  by i t s  i n f r a - r e d
124  N
s p e c t r u m  ) and an i n t r a c t a b l e  y e l l o w  powder .
39S i m i l a r  r e a c t i o n s  o f  Cp T i C l - O - C l T i C p  and
r  . h i  i  3 9  2  2
jCp Ti w i t h  NaCo(CO)^ i n  T . H. F .  w e r e  f o u n d  t o
g i v e  CpCo(C0 ) 2  as  t h e  o n l y  c a r b o n y l  c o n t a i n i n g  p r o d u c t .
b ) R e a c t i o n  o f  HCo(CO)^ w i t h  Cp^TiMe
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HCo(CO)^ was  d i s t i l l e d  u n d e r  vacuum o n t o  O . l g ms
o f  Cp2 TiMe2 i n  2 0 m l s .  T . H . F . .  The s o l u t i o n  was a l l o w e d  t o  
h e a t  up t o  room t e m p e r a t u r e  and t h e  r e a c t i o n  m i x t u r e  was  
s t i r r e d  f o r  12  h o u r s  a t  t h i s  t e m p e r a t u r e .  S t i r r i n g  was  
c a r r i e d  o u t  i n  t he  d a r k ,  as  Cp2 TiMe2 i s  l i g h t  s e n s i t i v e .
The s o l u t i o n  was t h e n  c o o l e d  t o  - 7 8  G and an  i n f r a - r e d  
s p e c t r u m  o f  t he  v o l a t i l e  p r o d u c t s  i n d i c a t e d  t he  p r e s e n c e  o f  
me t ha n e  and c a r b o n  m o n o x i d e .
The T . H . F .  was r e m o v e d ,  and on e x t r a c t i o n  o f  t h e  y e l l o w  
p o wd e r ,  w i t h  t o l u e n e ,  CpC o ( C0 ) 2 was o b s e r v e d .  When t h e  
r e a c t i o n  was  r e p e a t e d  a t  0 C and b e l o w ,  t h e  same p r o d u c t s  
w e r e  o b s e r v e d .
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